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INTRODUCTION 

T O all those interested in reinforced concrete construction the eqgiio- 
mical design and construction of formwork is of great importance, 
as the cost of formwork is a large proportion of the total cost of the 
structure and the most difficult part to estimate. Also, the appearance 
of the finished structure and the speed with which it can be completed 
are mainly dependent on the efficient construction of the forms. 

Considering its importance, the author has always considered it to be 
a subject more or less neglected.^ There is little information to be found 
on fdrmwork in any technical book in the English language, and* what 
information exists is either out of date or applies to some special structure. 
There is no one book covering all phases of the subject and all types of 
structures. The author has therefore attempted to prc.sent the subject 
in a manner consistent with its imiwrtance, covering most of the problems 
which commonly confront the form-builder and all the structures? which 
are now generally built in concrete. 

The design of various members has been fully treated l^ccausc, except 
in the case of a few large specialist firms, this side of the subject is usually 
neglected; it is generally left to the foreman carpenter to choose the 
sizes and spacing of members. For safety and economy this sliould be 
a matter of design, with a knowledge of the strength of materials and the 
action of loads^ and not be left to guesswork or rule-of-thumb methods. 

The design data and tables are conservative, as it is better to be sure 
that the forms will be safe and will give good lineaon the finished stmeture 
rather than to save a little material. 

The author has not attempted to cover all the numerous methods of 
framing and constructing details, but has selected lho%e methods which 
he considers from his own experience will give the^ best results. In this 
he has had the%elp of superintendents of consiructioq who have spent 
many years studying the various methods of Imilding forms. 

Plaimii^ the work and standardisation ffavc tx^n emphasised in the 
^^^rests of economy; haphazard methods are very common and 
\tpensive, 

^The author hopes the book will interest those contractors who have 
hitkerto aVbtded reinforced concrete work because of their lack of know¬ 
ledge of estimating and building formwork.* He has also had in mind 
those wfaq, while not having to build the feums themselves, are yet re¬ 
sponsible iQt the finished structui^, sudh as architects, resident engineers, 
and derks joi Wrks, all of whom at some time or other have to pass 
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judgment on the strength of forms, on the time for stripping, and on the 
appearance of the concrete. Too many reinforced concrete structures 
are designed without any regard for the cost of formwork, so it is to be 
hoped that engineering students will study the subject together with that 
of reinforced concrete in order to be able to produce the most economical 
structure possible. 

Considerable space has been devoted to steel forms because with the 
increasing cost and scarcity of timber their use is rapidly increasing. 
With the extending use of rapid-hardening Portland cements it is quite 
possible that steel forms will entirely replace wood forms, as owing to 
the greater speed of stripping less material will be required, the forms 
being used many times over in the same structure. As a rule, forms may 
safely be stripped from rapid-hardening Portland cement concrete 
structures in three or four days, while with aluminous cement this 
time can be reduced to twenty-four or thirty-six hours. 

A. E. WYNN. 
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FORM BUILDING IN GENERAL. 

Every kind of reinforced concrete construction requires first of all the 
building of moulds in which to pour the concrete. These moulds, or, 
as they are termed, “ formwork ” or “ shuttering,” are therefore a very 
essential part of the concrete contractor’s work. If he is exjx’ilenced 
in this class of work the formwork will present no espi*cial difficulties, 
as he will have developed a system of his own, worked out from his 
years of experience. But to the contractor who is just going in for this 
kind of work, or who only gets a concretes job occasionally, and to the 
owner who does his own construction, the method of designing and 
building the forms may not be familiar. • 

If there were a more universal knowledge of formwork erection there 
would be a greater use of reinforced concrete construction. Firms who 
have always used brick and steel in their construction work often have 
a prejudice against .reinforced concrete because they feel they cannot 
get workmen familiar with form building, and that theri'foro the finished 
structure will either not hwk well or will cost too much* money. 

It is mainly for those who arc unfamiliar with the subject that this 
book is written. 


General Remarks. 

There is very little literature on the subject, and probably no book 
in the English language devoted entirely to it. Being temporafy and 
not permanent construction, it has always been’ left to the individual to 
develop his own methods. 

However, reinforced concrete has been in use for so long now that 
the best of these methods have become standardised' with firms who 
specialise in thjs construction. Although the general principles have 
been standardised, each foreman will probably have* his own special 
preference for details. It is impossible to,writ* about all the details 
of construction, because new ideas arc being worked out every day, 
but there are certain details that are essential. 

There is one best way to build any form, and that way is to use 
the timber available to the best advantage, having each member of 
the structure correctly proportioned to carry its part of the load 
with no waste of material, at the same time giving attention to a 
few construction details that wj|} facilitate erec^on and stripping of 
forms. 

1 B 
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I 

. Unskilled Work. 

Lade of knowledge/and hence unskilled work, has often led to the 
collapseof a building. Lack* of sufficient bracing and shoring, the 
use (A timber not .sufficiently strong to cany the loads, stripping too 
soon, etc., have caused many failures. 

Even' if there is no failure, the work will look bad and be a poor adver¬ 
tisement for this type of construction. Bulges in walls, sags in floors, 
wavy lines in beams and columns, and fins and ridges on the finished 
concrete are all due to unskilled knowledge of how to build the forms 
correctly, and can be avoided. Then there is the expense to the con¬ 
tractor who has to make good his work, no easy task after the concrete 
has opce been poured. 


Form Builders. 

Specialist firms have some carpenters who do nothing but this class 
of work, and so have become experienced in the methods and details. 
This is as it should be. Form building is a trade of its own, and there 
are good opportunities for carpenters who arc willing to train them¬ 
selves in fhis class of work. 

Since formwork is such an important part of concrete construction, 
by far the majority of concrete construction foremen are carpenters 
by trade. 

The carpenter who is only used to indoor and* finished work, how¬ 
ever skilled h(j may be, is of little use in building forms, as it will take 
him a long time to realise that he is not building a permanent part of 
the work. He will waste so much time in accurate fitting and drive in 
nails that the only way to strip the forms will be with an axe. 

Inexperienced contractors, whenever possible, should always employ 

two or three experienced form builders if they wish to produce rapid 

building. 

< 

Inspection. 

When the forms are built ready for concreting they should always 
be carefully inspected by the architect or engineer, who should know 
the essential points t© look for and should be able to tell at a glance 
if the work is sgitisfactory and able to carry the loads. 

The carpenter foregian, in the rush of the work, will often overlook 
some important detail, lea^e out a brace or shore, forget to straighten 
up his lines, omit some tie wires, etc., with resulting sags and bulges 
and poor lines, if not failure. 

During concreting, too, it is specially important to have at least 
one carpenter watching the forms, tightening wedges, adding braces, 
looking for weak spots, on fhe alert all the time for emergencies. " Pre¬ 
vention is better than cure " is especially true of concrete ^work, and 
many weak places have been rectified in time by this mews. It will 
be too late after the concrete is poured. 
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Economy. 

The foregoing remarks will all lead to economy, but there* is also 
economy in design. , . . • 

Design should not be left to the individual foreman.or carpenter, 
unless he is very experienoid, as he seldom has a knowledge of the 
mechanics of materials. He may, through years of expcrienfce, choose 
the right size and spacing of timbers to carry the loads, but it is more 
by good luck than good management, and he has probably had to learn 
through his mistakes. 

It is almost always the case when something out of the ordinary is 
to be constructed, with extra heavy loads, that if the design is left to 
the field organisation it will be too weak. The size and spacing of joists, 
girts, studs, shores, yokes, wales, etc., should always be worked out 
in the engineer's or contractor’s ofl&ce. This will lead to the greatest 
economy in material. 

The details of framing can be left to the practical mechanic in the 
field, wl^, however, should be taught and trained in the observance of 
the essential points. 

Economy in stripping is very important. However well % form may - 
be built, its ultimate success depends upon the speed and ease with which 
it can be stripped. This is a point which is often overlooked, and it 
is here that most of the essential details of framing occur. 

The economy of being able to u.se the timber over and over again 
is obvious. The success of this, however, depends on the original design 
and method of framing. When making the design it*is necessary to 
look ahead and observe how many times the timber can be used over 
again, and what changes will be necessary. This means unit or panel 
construction. • 

If the formwork for the first floor of a building is so built that it • 
has to be all tom apart to build the second floor theib is no economy. 
The first floor should have been built, as far^as possible, in units that 
could be used on the second floor with few or no changes. 

Stripping. 

Experience will tell how long to leave the forms before stripping, 
but in general*this should be decided by the architect or engineer. It 
will depend mainly upon weather conditions, and will vary with different 
parts of the structure. The knowledge of Hbw to re-shore after stripping 
is very impcHtant when speed is necessary, and it is usually important 
for economy. The experienced contractor who can re-shore without 
bringing any strain on the green concrete can be allowed to strip much 
earlier than a contractor who has not had that experience. 

If re-shoring is to be necessary it must be allowed for in the design, 
which must be made so that certain shores can be left in place while 
the rest of the forms are strif^d. Too many*failures have resulted 
ficun wremg stripping to allow it to be left to chance. 
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Systematisation. 

On big work, and small work if the workers are inexperienced; the 
design should be made in the.oihcc by aQ experienced man, and all 
the main forms detailed on paper and given out to the foreman. This 
will ensure economy and adequate strength, and will relieve the foreman 
of much responsibility and detail work and enable him better to look 
after the actual execution of the work. 

It will also lead to .systematisation, using the same methods on 
different jobs, after, of course, the method has been proved to be the 
best. It will save endless argument with foremen, who generally wish 
to build the forms in their own way. 

Better co.sts can be kept and better comparisons made between 
foremen and different gangs of carpenters when they are all following 
the same methods. 

It is a great advantage for a foreman to be able to give the carpenters 
a sketch and tell them to “ make up so many of these panels, column 
or beam sides, etc.” With no system the foreman will be running all 
over the job, and the carpenters will be standing still wanting to know 
what to do next. 

Of course the man in the office, who makes the design, must also 
..have a knowledge .of how the forms are erected. 

Framing Details. 

Besides the main features of design there are many practical tips 
that are learnt by experience. Some of them have become standard 
practice and will be mentioned later. 

An ingenious workman can save much money for his employer by 
discovering better methods of executing details. 

Ordering Material. 

Material should be ordered in the office and not cn the job. Hap¬ 
hazard ordering of timber leads to waste. However much timber is 
sent to a job it will always be used up, as a carpenter will always choose 
new timber in pij?ference to old. Even with careful economy on the 
job there is usually more timber used than estimated. 

From expi*rience or detail drawings the bill of material can be taken 
off and just the right amount ordered allowing for waste. The fore¬ 
man should be told how mudli he is allowed for the job, and he will then 
exercise economy. The timber should not be sent to the job all at once, 
or there will undoubtedly be waste. 

Cost. 

The cost of formwork is the most difficult part of a reinforced 
concrete structure to estimate. 

Unless a system is adopted the c6sts may vary enormpusly with 
different workmen. They vary greatly, too, with the carpenter-foreman, 
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for one man may be able to get twice as much work out of the men as 
another and he may also be able to plan his wjork better. • 

Systematic design and planning of the work on the job ara the only 
things that will keep down costs. 

As far as possible the number of man-hours required to perform 
various operations will be given. They cannot, of course, be exact and 
must only be used as a guide to estimating. Man-efficiency has enor¬ 
mously decreased since the war, and during the last few years it has 
been difficult to estimate how much a man would accomplish in a given 
time. 

Old data on costs are quite unreliable now, and the only right method 
is for each contractor to keep his own costs and work out his own cost 
units. Cost keeping is a problem in itself, but it cannot be stres’sed too 
highly, especially on this class of work, if the contractor wishes to come 
out on the right side. 

In estimating concrete work the job should be analysed into its 
component parts and each part priced separately at so much per .square 
or lineal foot. Estimating formwork at so much per cubic yard of 
concrete or at so much per square foot of floor area, as is eften done, 
although it forms a check on more detail calculations, may lead to serious 
losses. 


General Requirements. 

Strength is the first requisite ; the forms must be strong enough 
safely to carry the dead load of the concrete plus a IfVe load applied 
during concreting. 

Durability and rigidity are of next importance; the forms must be 
stiff and able to withstand hard and repeated usage. Lines must be 
true, bulges and sags must be prevented. 

Cheapnesjs, consistent with strength, is what the cdhtractor is inter¬ 
ested in. This me^ns economy of material and correct constructioadetaUs. 

Economy in treatment of the concrete surfaces depends upon the 
tightness with which the forms are built, preventing ridges and fins, 
which afterwards have to be chipped^off, caused by seepage through cracks. 


* Engineer’s Design. 

Although the engineering de.sign of t^je stfucture is not the con¬ 
cern of the form builder, for true economy it should be made in con¬ 
junction with him. If the builder and designer are the same firm there 
is no difficulty in this. 

If, however, an independent engineer or architect makes the struc¬ 
tural design he cannot consult beforehand with an unknown builder. 
He can, however, make his design so that the form construction will 
be of th& simplest. ^ • 

A very small change in design often results in large savings in the 
cost of forms. A little extra concrete is usually cheaper than changing 
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forms to save concrete. As few changes as possible in column and beam 
sizes from floor to flooi; mean a great saving in labour. 

Where live loads decrease on the upper floors of a building it is gener¬ 
ally better to keep the beam sizes below tfie slab the same as on the 
heavier floors. 

Suiting the design to the commercial sizes of dressed timber is rarely 
done, though it can be just as easily as not. It is common practice, 
for instance, to give beam widths in even inches, while dressed timber 
will make up into widths of odd inches with perhaps a fraction over. 

This does not matter if the engineer will accept a beam width that 
is perhaps an inch less than specified, but he rarely will, and should not 
do so unless allowed for in his design. For a beam specified as 12 in. 
wide it' would require a beam bottom made of a 2 in. by 12 in. dressed 
to, say, in. with the addition of a ^-in. strip, or it would require 
two 2 by 6’s drt'ssed to, .say, 5J in., giving a total width of ii in., with 
the addition of a i-in. strip. The design could have been made so that 
a width of ii in. would be sufficient, and so .save piecing out. 

Similarly, a beam specified as 8 in. wide should be 7I in. so that 
2 in. by 8 tin. dre.ssed timber could be used. 

Much time and labour are spent in filling out to meet even dimen¬ 
sions because the designer had not thought of economy in forms. Many 
designs are made which may be perfectly good from an engineering 
standpoint but which are costly in form building.. 
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MATERIALS, LOADS, PRESSURES AND STRESSES. 

Timber. 

The most easily obtainable timber for formwork is pine, either 
Norway or American Southern pine, which is available in ^1 skcs and 
is easily worked and cheap in comparison with other woods. Where 
strength is required, particularly in the larger size timbers, there is no 
wood equal to American pitch pine or Southern long leaf pine. 

When it can be obtained spruce is one of the best timbers for all- 
roiind use. Hemlock is not desirable, as it is coarse grained and liable 
to curl. , 

Fir is now being used to some extent in America, and Douglas fir 
timbers are almost equal to long leaf pine. 

Freedom from knots and coarse grain is desirable, as these will show 
on the finished concrete, for which reason soft white pine is one of the 
best timbers to use for mouldings, cornices, bridge parapet walls, etc., 
where an extra smooth finish is required. Soft white pine is, however, 
too expensive and has too little strength for form timber generally. 

Hardwoods are not used for formwork except as caps and wedges 
under or over posts, where they are used to increase the allowable com-^ 
pression across the grain and so often allow a smaller post to be used. 
Hardwoods are difficult to work and nail. • * 

Partially seasoned timber is the best for formwork, as if it is too 
dry it will tend tb swell from absorption of moisture, while green lumber 
will tend to dry out and shrink in hot weather, causing fins and ridges 
on the concrete. 

Timber may be rough or dressed, though workmen do not like to 
use rough wood. It may be dressed in various,ways, such as all four 
sides, one side* and one edge, one side and two edges, etc. Usually it is 
best to use timber dressed on all four sides, it will then be of more 
uniform size and is more easily adaptable for different purposes. 

Wood of any one size should be dressed to a uniform thickness, so 
that the pieces will match up ; this is particularly important with sheath¬ 
ing, as otherwise labour will have to be spent in planing down the joints. 
Joists and studs, too, if they are not of jimiform thickness, will cause 
consid^able trouble in fitting. 

Sheathing, i in. to 2 in. thick, may be tong\ud-and-grooved, square, 
or bevelled e^e. Tongued-ana-grooved gives the best results, while a 
bevelled edge is good if the wood is very d^, as when built up it will 
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not buckle so easily when swelling. Square-edged timber is usually 
only used in the heavier thicknesses. 

Thicknesses of timber will depend on tjie available supply and the 
loads to be Cjarried, but more often on the former, as any ordinary size 
can be used to advantage by adjusting the spacing of the supports. 

In general, for floor sheathing, i in. dressed down to ^ in. is the 
usual practice; for wall sheathing and beam and column sides the 
thickness may vary from i in. to 2 in. stock dressed ^ in. or J in. 
Beam bottoms are generally 2 in. stock. 

Joists may be any size from 2 in. by 4 in. to 3 in. by 10 in., 2 in. 
by 6 in. being the commonest size; column yokes are usually 3 in. or 
4 in. by 4 in. 

Studs and wales vary from 2 in. by 4 in. to 6 in. by 6 in.; posts 
from 3 in. by 4 in. to 6 in. by 6 in. 

In ordinary work the smaller sizes mentioned above are used, extra 
strength being obtained by doubling up. 

The lengths of timber ordered, when this can be specified, should 
b(’ such that they can be used to the best advantage, with the least 
waste, a point which is often overlooked. 

Sheathing can be ordered in random lengths, as it generally has to 
be cut up and short lengths can always be worked in. 

Joists, studs, posts, beam bottoms, etc., where exact dimensions 
have to be met, should be ordered the nearest commercial length' to the 
height or span required. If floor joists, for instance, are to span 5 ft. 6 in. 
they should bd ordered in 12-ft. lengths for the least waste. Care in 
specifying the lengths is imjiortant, otherwise there will be a lot of short 
ends and a surprising ijercentage of waste. Timber cost is a big item 
in reinforced concrete construction, and it should be ordered and used 
with care. 

' Nails. 

Common wire-cut steel nails are used, the most general sizes being 
(id., 8 d., lod, and 2oi. 

Double-headed nails, if they can be obtained at a reasonable price, 
are an advantage as they can be ^awn easily. 

, ,* Wire and Bolts. 

Tie wire for tying wall forms may bo cither number 8, 9 or 10 black 
annealed wire, number*9 gii'ing the best service for ordinary work. 

Steel or galvanised iron wire should not be used, as it is brittle, hard 
to handle, and too springy. 

Bolts with washers and nuts are generally used in heavier wall construc¬ 
tion in sizes from \ in. to J in., usually with square heads and nuts. If they" 
are to be drawn after use they should be well greased or fitted with sleeves. 

Oil or Grease. 

• • 

All fonns coming in contact with the concrete, if the concrete is niot 
to be plastered, should be well oiled* or greased to allow easy stripping 



9 


MATERIALS, LOADS, PRESSURES, STRESSES. 

• 

and to prevent concrete adhering to and coming away with the forms. 

If the concrete is to be plastered the plaster will adhere better if 
the surface is rough. • 

Special non-staining oil, made for the purpose, is the best to use, 
though soft soap and water is satisfactory. 

Patented Articles. 

There are many patent devices for facilitating the erection and 
stripping of forms, such as clamps, column yokes, adjustable shores, 
etc. Most of these arc satisfactory and will save time and labour on 
a large job, but taking into account their first cost and the fact that 
they are easily lost, the ordinary methods are sometimes the cheapest 
in the end. Some of these special devices will be mentioned later. 

Loads. 

The load to be carried by formwork is the weight of the wet con¬ 
crete and the forms themselves and a live load which allows for impact, 
wheeling over the forms, etc., and is therefore a construction load. 

The weight of the forms can be neglected, as it is small compared 
with the other loads. 

To simplify calculations, the weight of concrete may be taken as 
144 lbs. per cubic foot. It is then only necessary to multiply the thick¬ 
ness of a floor by 12 to get the weight per square foot, or to multiply 
the depth and width of a beam together to get the weight per lineal foot. 

For instance, a 5-in. slab will weigh 60 lbs. per sq. ft., and a beam 
10 in. wide by 18 in. deep will weigh 180 lbs. per lineal foot. Inclined 
slabs, such as often occur in power-house floors and saw-tooth roofs, 
will cause an overturning movement to the top of the posts, and this 
must be taken care of by adequate bracing. 

The assumed construction live load is generally taken as 75 lbs. per 
sq. ft. of floor. •This value should always be u.sed in de.signiAg floor 
sheathing and joists ; but when calculating the deflection of joists it can 
be reduced to 40 lbs. per sq. ft., as it will only exist during concreting 
and then only for short periods, ^fter a bay is concreted there will 
only be the dead load to be carried, and 40 lbs. per sq. ft. will allow for 
any accidental* loading. ** 

Live load on ledgers is often omitted when calculating deflection. 

For the good of both the concrete and tile foAns, the piling of timber, 
steel, cement, etc., on freshly-poured concrete should not be allowed. 
If it is known beforehand that, owing to confined space, some material 
must be placed on the concrete the day after it is poured, then the forms 
should be made extra stiff and should be designed to carry this loading 
with a small deflection. * 

. Pressures. 

. • • 

In vertical sections, such as columns and walls, a horizontal pressure 
will act on the forms due to the hydrostatic head of the wet concrete. 
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This is the pressure which causes most of the bulges and collapse of 
forms. • 

It is a much debated point what pressures should be allowed for in 
the form design, and it is a subject about wfiich there is as yet not much 
definite information. The pressure will depend on the rate of filling 
and the temperature. 

The faster the forms are filled, and also the lower the temperature, 
the greater will be the pressure, because the concrete does not set so 
quickly and thus relieve the pressure. If a wall were poured so slowly 
that each layer.set before the next layer were poured, when the wall 
was full the pressure at the bottom would be no greater than at the top. 
This is the principle of moving forms with which elevators and bins of 
all kirfds and sometimes walls are built. The form is raised at about 
the same rate as the concrete sets, so that each layer supports the layer 
above. 

Concrete at a low temperature will .set slowly, and for a given rate 
of pouring the pressure may be 50 to 75 per cent, greater than when 
the temperature is twice as high. For this reason forms should be built 
stronger i» very cold weather than in the summer, and not stripped so 
soon. 

Temperature considerations are, however, not often taken into 
account in designing forms, except in very cold weather, and the pres¬ 
sure is’assumed at an average temperature allowing an ample factor 
of safety. 

Rate of pofiring is more important, and must be taken into account. 
Many wall and column failures have occurred by pouring concrete too 
fast, or, if it was necessary to pour fast, by designing the forms too 
weak. If a i-cu. yd. mixer is used, naturally the wall will be filled 
faster than if a J-cu. yd. mixer is used, and hence the forms must be made 
correspondingly • stronger. 

Vettical sections should always be poured as slowly as is consistent 
with economy, and in long layers about 12 in. thicic. 

Concrete in heavy walls and piers, in which large stones or " plums " 
can be embedded, will always exert less pressure on the forms than 
when the stonesf are omitted, because true hydrostatic pressure will 
not exist. 

Since the outward pressure depends mainly on the rate of pouring, 
column sides will be vmder^greater pressure than wall sides, since they 
are filled faster. Column forms, however, should never be filled to the 
top without a break; instead, each batch of concrete should be dis¬ 
tributed amongst several columns. For column forms a hydrostatic 
pressure equivalent to that due to a liquid weighing 125 lbs. per cu. ft. 
should be used; that is, the pressure on any yoke per lineal foot will 
be the depth from the top midtiplied by 125 multiplied by the spacing 
apart of the yokes. • ^ 

Small low walls may be poured as fast as columns and the same 
pressure should be used, but the higher and wider the wall the slower 
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will it be filled and the pressure exerted at any point will correspondingly 
decrease. 

With ordinary thicknesses of walls it is simpler, for calculajtion pur¬ 
poses, to consider the heigh! of the wall instead of the rat;e of pouring, 
the one being proportional to the other. The width does not affect the 
pressure, but does influence the speed of pouring, so that thin walls 
should be poured more slowly than thick walls, assuming that they are 
not designed for fast pouring. To some extent in narrow walls friction 
and arch action reduce the hydrostatic pressure. 

The following is a useful guide to follow in designing ordinary walls 
in order to be on the safe side:— 


Height of wall. 

I.ess than 5 ft. . 



Pressure will bo equivalent 
to that of a liquid welghiiM^ 
. T45 lbs per cu. ft. 

5 ft to 10 ft 

a 

• 

• 1^5 »l l» M 

10 ft. to 20 ft. . 

• 

• 

• 100 tf ff II 

Over 20 ft. . 

. 

• 

• ys »» ** 


The consistency of the concrete also affects the pressure, increasing 
with the increase of the percentage of water in the mix. 

Stresses. 

As formwork is only temporary, higher unit stresses may be allowed 
than would b6 permissible in permanent work. 

For yellow pine, spruce, fir, and timbers of equal strength a maxi¬ 
mum fibre stress of 1200 to 1400 lbs. per sq. in. for bending may be 
used, the former value being the most common and fs conservative. 
For horizontal shear 200 lbs. per sq. in. should be used, and for bearing 
or crushing across the grain 400 lbs. per sq. in. 

For American long leaf or pitch pine these stres.ses may safely be 
increased by 50 per cent. 

For posts with square end bearing the maximum allowable compres¬ 
sive stress should.be 1000 lbs. per sq. in., to be reduced according to 
the ratio of the height or unsupported length to the least diameter by 
the formula 

safe unit stress =^000 (i — h/%od)^ 

where h is the unsupported length and d the Jqpst dimension of the 
cross-section. 

For ordinary conditions this gives a unit .stres^ of about 750 to 800 lbs. 
per sq. in., which is twice that allowable for'eompression across the grain. 
Therefore the size of posts will be generally limited by compression across 
the grain in the timbers they carry. 

If oak or other hardwood caps or wedges are inserted between the 
load-carrying member and the top of the cap, the allowable unit com¬ 
pressive stress across the grain may be increased 50 per cent. 

Modulul of Elasticity. * 

For the purpose of calculating deflections the modulus of elasticity 
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may be assumed at 1,200,000 lbs. per sq. in,, which is the value commonly 
used for pine. 

* Deflection. • 

In addition to strength in bending and shear, form members must 
be designed so that a safe maximum deflection will not be exceeded. 

This may be taken at | in. for sheathing, using the full live load 
of 75 lbs. per sq. ft. For joists and beams carrying joists the deflection 
should not exceed ^ in. for dead load arid a live load of 40 lbs. per sq. ft. 
For members under horizontal pi'cssure, deflection should not exceed 
i in. 

Deflection considerations will generally govcTii the thickness of 
sheathing. 

Actual and Nominal Timber Sizes. 

It must be carefully noted that the actual dimensions of dressed 
wood will be less than the nominal by an amount varying from | in. 
to I in. This must be allowed for in design, as it makes a considerable 
difference to the strength of a timber, especially in the small sizes. 

If the dressed sizes are not specified when ordering the following 
allowances should be deducted ; 

For sheathing up to 2 in. in thickness, deduct in. from the 
nominal thickness ; 

For timbers 2 in. by 4 in. up to 6 in. by 6 in., deduct | in. from 
each dimei^ion ; 

For timbers larger than 6 in. by 6 in., deduct | in. from each 
dimension. 

This rule will be followed in all tables and calculations, as it will 
give safe values for either dressed or undresst'd timber. 


• Accuracy. • 

Too great a refinement in design is not necessary, and is a waste of 
time. Exact calculations of bending moment are useless when so many 
assumptions are ‘made as to live loads, stresses, quality of material, 
and especially worlgiJanship on the job, and approximations are 
sufficiently close. 

Sizes should be cho^n that are sufficiently strong, remembering that 
actual construction in the field will not be as accurate as office calcula¬ 
tions. 

To design formwork intelligently a knowledge of the loads and pres¬ 
sures caused by wet concrete and the safe allowable stresses on timber 
is necessary, together with ^me knowledge of mechanics so that correct 
sizes can be chosen. 

For those, howevqf, who have hac^no training in mechanics, tables 
will be given covering ordinary conditions, from which the correct sizes 
to use can be obtained to suit the particular conditions. 
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will be given covering ordinary conditions, from which the correct sizes 
to use can be obtained to suit the particular conditions. 



CHAPTER III. 

THEORETICAL DESIGN OF FORMS. 


Designing for Vertical Loads. 

The vertical loads to be designed for are the weight of the concrete and 
the live load on the floor. The different members entering injo the 
forms will be sheathing or lagging, joists, ledgers or girts carrying the 
joists, and posts. The formulae for calculating the size and spacing of 
these members will be given so that the general principles of design may 
be understood and special cases worked out quickly. 

For ordinary conditions, however, the sizes and spacing can be. taken 
directly from tables based on these formulae. 

For members subject to bending, the four consideration? are: (i) 
strength to resist bending moment; {2) strength to resist horizontal 
.shear ; (3) maximum allowable deflection ; and (4) minimum allowable 
bearing on support. 

The design will also depend on whether the member is a single span 
or extends over more than two supports. A member that has one or 
more supports in its length in addition to the end supports is stronger 
for the same load than if it were simply supported at the two ends only, 
because the bending moment and deflection will be less. 

The design of the posts will depend on their height and size and on 
the crushing of the grain of the timber supported. 

^ Symbols. • • 

In the formulse here given the following symbols will be used:— 
w — uniform load per lineal ft. in lbs. (dead + live). 
w' — uniform load per sq. ft. in l^s. (dead + live). ^ 

P — concentrated load in lbs. 

P = pressure in lbs. per sq. ft. 

P' = pressure in lbs. per lineal ft. 

I = span in ft. 

b = breadth of member in inches. 
d = depth of member in inches, 
s = spacing of member in inches. 

D = deflection of member in inches. 

E = modulus of elasticity in lbs. per sq. 'in. 

M — bending moment in inch poimds. 

M, = resisting moment in inch ^unds. 

/ = maximum fibre stress in lbs. per sq. in. 

13 
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» = horizontal shearing stress in lbs. per sq. in. 

V — total shear at end of a member. 

I —moment of inertia in ins,* == bd^/12. 
h — h^ight in ft. • 

Bending Moment. 

It is‘Usual practice to design members as partially continuous when 
they extend over more than two supports, taking the bending moment 
bsM ~ wl^/10 for uniform load ; and if the member is simply supported 
on two supports only as M — Floor, wall, and column sheathing 

will always be .partially continuous. 

Ledgers carrying joists and wales supporting studs are also usually 
designed as partially continuous, as generally long timbers are used with 
intermediate supports. 

Joists and column, yokes are simply supported as a general rule. It 

will be seen that one bending moment is eight-tenths of the other. If 

the loads are concentrated, as with ledgers and wales, it is still close 

enough to assume that the bending moment for a continuous member is 

eight-tenths that for a member supported at two points only. 

« 


Bending. 

The first consideration is strength in bending, although this will not 
always gtivern the size of a member. 

The bending moment on a member must equal its resisting moment 
or M -- Mf, and, from the fundamental formula for bending, 

M =11 • 

' il2 

X2 2 

So for uniform load and single span —-- — 1200.-— 

8 12 a 


For given size of member, maximum span 
For given span and width of member, 
For uniform load*and continuous spUn, 




d = 

M -- 


\/ 

7 


w 

wl^ 
'^33'33~h 


wl^.12 
10 


= 200 


and we have 


Spacing : w — sw'/J2, 
and for single spans, 



and for continuous spans, 


2000.fed* 


. / Ift 


(1) 

(2) 


(3) 

(4) 

(5) 

( 6 ) 
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Horizontal Shealr. 

The load carried by a member is transmitted to the supports, where 
it causes a shearing action ^on the member tending to tear the fibres 
apart. If the load is symmetrical the shear at each support will be 
half the total load on ^e member. On short spans and with heavy 
loads, where only* a small depth is required for bending, it will often 
happen that the member will not be strong enough to resist shearing, 
and so the size has to be increased to allow a safe unit shearing stress. 


The unit shearing stress v — 1-5. V/bd 


( 7 ) 

( 8 ) 


i-c y 

with V = 200, .size of member required, bd — —— . . . 

200 

Spacing for shear, for joists with uniform load, w - sw'/iz'doxd. 

V = wl/z, substituting in 8, s — .(9) 

w I 


Deflection. 

The deflection of form members must be limited or tj^ere would 
be wavy lines on the concrete, cracks in finished floor surfaces, etc. 
When the depth required for bending is small, the allowable deflection 
will usually govern the size to use. This is particillarly the case with 
sheathing. 


For umform load and single span, D = 

384 12 j&.i. • 

For joists, substituting I bd^/12, E 1,200,000, w 
from 5, 

If D is limited^to | in., max. span / (in ft.)2-04Vd . 
If D is limited to //360 in., max. span I (in ft.) - 


sw 

12 


. (10) 
and s 


r^ / • N 0 03 

D (in ms.) — —^ - 
d 


. (II). 
.• ( 1 - 5 ) 

• (13) 

For continuous spans, the deflection can be assumed as the average 
of the deflection for a beam with fixdll ends and a beany simply supported. 


* w (/12)* 

For uniform load and continuous span, D . — ■ - — 

384 12 El 

For sheathing, D = \ in., I (in ft.) = 10*25 a • 

V w 

For joists, substituting as before, giving s value from 6, 


D = 0*0225 - • 
d 


If D is limited to J in., max. ^pan I (in ft.) = %'ZS 7 '^'^ 
If D is limited to //360 in., max. span I (in ft.) — 1*481.^ 


(14) 

(15) 

(16) 

(17) 

(18) 
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Spacing for Deflection: 


D ^ in., single spans, s = 

r 

continuous spans, s = 


6667 hd^ 
w'l* 

11112 bd^ 
w'l* 


D — Z/360 s = 

continuous spans, s = 

w'P 


(19) 

(20) 

(21) 

(22) 


Bearing. 

The ends of joists and ledgers mu.st have sufficient area of bearing 
on their supports to prevent the crushing of the grain of the timbers. 
Joists will rest on ledgers nailed to the beam sides and centre span ledgers 
will rest on posts, and the size of these suppt^rts will depend on the 
allowable unit crushing stress across the gram, which - 400 lbs. per 
.sq. in; 

If V is,the shear at the end of a member, or the load transmitted to 
the support, then 
for ledgers carrying jotsts, 

V 

thickness of ledger - - --.(23) 

^ 400 b ' 


for posts carrying ledgers, 

* V 

area of bearing on post = — .... (24) 

400 


Concentrated Loads. 


The above formulai will not apply when the load is concentrated on 
a member at one or more points, as is the case with ledgers carrying 
joists. , 

The maximum bending moment will occur when there is a load at 
the centre of the span and the maximum shear when the load is at the 
edge of the span. For one load M - Pl/%. 

The bending moment is calculated as follows for 5 concentrated loads 
s ft. apart {Fig. i) iW 



Fig. I. 

Load carried by .supports V = 5P/2. 

M at centre = —. — P.2s —*Ps, oi M = P{5l/4 — 3s). 
2 2 
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For three joists only, M P(3//4 — s); and for seven joists, 
M — P{ 7 l/A ~ 6s), and so on. 

If the member is continuous the bending moment can be cijlculated 
in the above manner and then multiplied by 

Having found the bending moment, this is equated to ‘the moment 
of resistance of the member as before, or Af.i2 - 200 hd^ . ... (25) 

The shear is calculated, assuming one joist will be at the edge of 
the support, as follows {Fig. 2) 



Fig 3. 


v = P + ^ + £!Li^) ,^^^..., 0 .. (. 6 ) 

I I I I 

and unit shearing stress i' =- 1-5 V/hd as before. • 

The defledton of beams carrying concentrated loads is more ditticult 
to calculate than with uniform loading. An approximation is close 
enough for ordinary purposes. 

/J/3 

For single load and single span (load at centre) „ ,.,7 • (27) 

48^/ 

1-.P/3 

For single load and continuous span (approx.) I) (28) 

384A7 

For TWO LOADS SYMMETRICAL ABOUT CENTRE LINE, 

Pa 

for single span, D 4 ^* (^ 9 ) 

for continuous span (approx.) D ~ —- ^ --(3/’^ — 4«*). (30) 

Therefore, by combining the abovft two cases, we havf approximately, 
for any number of loads, adding the deflection prqjiuced by any pair of 
loads equidistant from the supports to the deflection due to a centre 
load {Fig. 3) 




Single spans, D = ~~{P + 2<i(3/* - 4a*) + 26(3/* — 46*) -j- etc.) (31) 
4ofsi 
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Continmus spans, D = - 4 * 4«*)+26(3/*—46*) etc.) (32) 

, 384 El 

In above formulae I, a, h, must be in ^ches. 

Posts. 

The load carried by the posts is easily calculated. It is assumed, 
with uniform load, that half the load carried by a member is transmitted 
to the post at each end, though this is not strictly true when the member 
is continuous over two spans or more, but the approximation is dose 
enough. With concentrated loads one load should be , placed over the 
post, and the load will be, for i span — V from formula 26; for centre 
post of 2 spans load 2F — P. 

Special cases may arise where the member is cantilevered out beypnd, 
the post; in an extreme case the post might carry the whole load from 
the cantilever and also the adjoining span, but this is so rare in form 
building that it will not be considered. Deflection is so great with 
cantilevers that they should not be used. 

Maxiirum safe load on post, W = 1000(1 — h/ 8 od)M . . . {33) 

The height “ h ” and least dimension “ d ” of post must first be 
assumed. The height may be the full height of the post, but more often 
half the full height, since jx)sts above about 8 ft. high should be braced 
both ways at the centre. 

Having found the safe load the post will carry, the crushing stress 
on the timber' carried must be investigated, as this will usually govern. 

The cross-sectional area of the post " hd ” multiplied by 400 (the 
allowable unit stress) will give the total load that can be carried without 
crushing the fibres of the member supported. 

This allowable unit stress is about half that allowed by formula (33) 
for ordinary conditions, and so not more than about half the load that a 
post y^ould carry should be put upon it unless hardwood caps or wedges 
are inserted between the member and the top of th8 post and between 
the boitom of the post and the sill on which it rests, in which case the 
allowable unit stress across the grain may be increased to 600 lbs. per 
sq. in. ® 

c 

Designing for Horizontal Pressures. 

The foregoing fornuilse ^or the size and spacing of members ^ also 
applicable to the design of members under horizontal pressure, such as 
column and wall forms, but the loading will be different. 

Column Forms—Sheathing. 

As seen in Chapter II, the pressure at any point will depend upo^ 
the height of the column. 

If w in lbs. is the weight of an equivalent fluid causing hydrostatic 
jnessure (obtained from previous chapter), p the . pressure in lbs. per 
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sq. ft., and h the distance of any point below the top of the colnmn, 
then 

P=wh . . *.(34) 

It is assumed for simplicity that the pressure will be uniform between 
yokes and of an intensity equal to that at the lower yoke; this 
assumption is on the safe side. 

As the sheathing will be continuous and the load assumed uniform, 
the bending moment can be taken as M = ps^/io, where s is the spacing 
of the yokes (in ft.). Formulae (3) and (4) will then apply with ps in 
place of wl. 

The maximum span for a deflection of ^ in. is given by formula (15) 
with “ wh ” in the place of “ This will also be the maximum sjmcing 
of the yokes. 


Yokes. 


The total pressure per lineal foot on any yoke will be the pressure at 
the centre of the yoke multiplied by the spacing of the yokes at that 
point (approximately). 



Fio, 4 . 


Fio 3 


If this total pressure is p', p' — ps — whs .(35) 

This pressure will not extend over the wKole yoke, since the span 
of the yoke will always be greater than the dimension of the column by 
an amoimt varying with the detail of construction, but will generally 
be about 12 in., that is {¥ig. 4), k = 12 in. (approx.). 

Unless the columns are very wide, say 5 ft., or over, requiring an 
intermediate bolt (Ftg. 5), the yoke will be simply'shpported. Since the 
pressure does not extend over the whole span, and since the proportion 
of the span under pressure is variable with«the iize of yoke used, there 
is some difficulty in giving general formulae and tables without making 
an assumption. However, I — k varies within small limits, ^y from 
8 in. to 14 in., and it is sufficiently close to assume a constant value of 
Z2 in.; that is, the yoke can be assumed to be 12 in. loqger than the 
dimension of the column. This enables u$ to write a simple general 
fcnmula fat the bending moment, 

• A «/--I,— wAs, Af =—(f* —i) . . . (36) 

8 
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If a centre bolt is used the bending moment on each half of the yoke 
would be a little less than given by the formula (36) {/ in this case would 
be half the total span), but since columns of such width as to require a 
centre bolt do not often occur it is not worth' while making a special case 
of this, as the spacing of the yokes would only change an inch or so. 

A higher unit fibre stress can be allowed for column yokes, since 
there is no uncertain live load as on floor joists, nor is there the same 
vibration and impact, so we will assume the safe unit fibre stress as 1600 
lbs. per sq. in. instead of 1200. 

Bending .—Equating the bending moment to the moment of resistance. 


we have 


whs 

8 


(/* — l).I2 = 


i6oo.bd^ 

6 


w 


125, and spacing s {in ins.) -= 


17-06 bd^ 


(37) 


h{l^ - I) 

This will give the spacing of the yokes in inches for any size yoke and 
depth below top of column and for any column width, remembering to 
take / ope foot greater than the dimension of the column. 

Horizontal Shear. —The end shear V - whsk/ 2 , with a centre bolt 


whs{l^ — I) 

4/ 


unit .shearing stress for single span, 


i‘$whsk 

2 bd 


. - {38) 


unit shearing stress for continuous span. 


' 4/.M 


Deflection.- -The deflection can be found from formula (10) approx¬ 
imately, substituting whs for w and for .s the value tound from (37), and 


we have, for single spans, D ^ - (approx.) 


If D 

1 in., 

d - 

■32 1 * 
D-'i 

HD 

// 36 o.‘ . 

1 « 

d - 

1-20 D 


. (40) 

• (41) 

• {42) 


Usually a deflection of J in. is allowed. 

From these last twb fo&nulae the maximum span for any depth of 
yoke may be found. 

The above fonnulse apply to the yokes that carry the connecting 
bolts. The other pair of yokes {Figs. 4 and 5) have a span G equal to 
the side of the column, and this span is reduced by the wedges between 
the yokes and the bolts, so* that the stress in them will always be less 
than in the long yokes and they can be made smaller if so desked. 

Assuming full span /j, the above^ormulae will apply with f,* put 
in the place of — i. 
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Bolts. 

The yokes will be held together by rods, bolts, or clamps. The 
tension in the bolt will equal the shear at the enH of the yoke whsk/z. 

When bolts are threaded the effective area will be at the base of 
the threads ,* this area will be about two-thirds that of the gross area 
of the bar, and should be allowed for. 

For threaded bolts, allowing a safe unit stress of 14,000 lbs. ix?r sq. 
in. on the gross area, diameter 



If the bolts are upset at the threaded end, and for plain round bars, 
the allowable stress may be 20,000 lbs. jx*r sq. in., and then • 

<< - v/--.(43«) 

^ 200 

Upset bolts an* seldom used. 

The size of the bolt theoretically required is generally small* and is 
not usually calculated, since less than J-in. diameter bolts^should not 
be used ; common practice is to use §-in, bolts for all columns, as 
they have to be sufliciently strong to withstand wedging agiiinst them 
without bending. 

With very large columns, when a centre bolt is used, the load on this 
bolt should be calculated, as it may be necessary to use a |-in. bolt. 

Washers. 

Washers are necessary to distribute the tension in the bolt over 
sufficient area of the yoke so that the hbres will not be cruslu'd in. 

So that area of wa.sher — .(44)* 

This will giv^ tht* net area required, arrd to it must be added the 
area of the hole for the bolt. 

To find the thickness required, the washer is treated as a plate canti- 
levering about the edge of the heq^ or nut and uniformly loadt'd. 

If A is difference between area of washer aod area of head or nut, 
d is side or diameter of head or nut, 
p is projection of edge of washer beyond h(*ad or nut, 
t is the thickness of washer, 9 • 

w is pressure on washer in lbs. jjer sq. in. 

Then approximately for wrought-iron or steel washers. 



For cast-iron washers the thickness should be three times that given by 
formula (45). (Kidder's " ArcWtects' HandbooK.”) 

Theoretically the size of washer will change with the size and height 
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of the column, but this is not practical on tfie job so that a size is adopted 
as a standard which will suit all ordinary cases. 

The following rule can be used as a guide:— 

For columns up to 36 in. wide or square and 12 ft. high, use 3 in. sq. 
by I in. washer. 

For columns from 36 in, to 42 in. wide or square and 12 ft. to 16 ft. 
high, use 3j in. .sq. by { in. washer. 

For columns from 42 in. to 48 in. wide or square and 16 ft. to 20 ft. 
high, use 4 in. sq. by f in. wa.sher. 

With 4 in. by 6 in. or larger yokes do not use less than 3J in. by J in. 
washers. 


Wall Forms. 


Sheathifif '.—^The design of sheathing for waU forms is the same as 
for column forms, although in this case the sheathing will usually span 
horizontally instead of vertically. 

The spacing of the vertical studs will depend on the strength of the 
sheathing, and since the pressure will be greatest at the bottom of the 
wall it is bnly necessary to find the maximum allowable span at this 
point. This is found in the same way as for floor sheathing, with wh in 
the place of w, so 


for strength, 

I 

for deflection, 1 ) 
I) 


max. I - 
I in., max. / 

I 360, max. / 



• (46) 

• (47) 
. {4«) 


Studs .—Since the studs can be tied and braced at any point, the 
spacing will depend upon the strength of the sheathing, found from the 
above. The thickness of the stud can be added to the spacing found 
from the formula for sheathing, to give the actual spacing of the studs. 

The spacing wll be a minimum %t the bottom of the wall and is kept 
the same for the full height, as studs are used in long lengths and it is 
not practical to vary* the spacing with the pressure. 

Accurately to find the bending moments on the studs would be a 
tiresome procedure, aifd the result obtained would not be worth the 
time expended, so assumptions can be made. 

The studs are supported individually by internal ties of wires or bolts, 
or collectively by external wales, bolted or wired through the wall. 

We will assume that the pres.sure is constant between any one wale or 
tie and the one next above *it, with intensity equal to that at the lower 
one. 

As for yokes, the Allowable unit fiUke stress can be increased to 1600 
lbs. per sq. in. 
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At atiy depth in the wall ^e pressure on the stud will = whl, where 
I is the spacing of the studs {Fig. 6). 

whls^.xz 1600M* 


If s is the spacing of thei ties, M 


10 


or, for strength, max. span s (in ins.) = 179 /yX! 
for deflection, D = J in., max. s =66 a / ~ 

V w 

D ~ s/360 max. s -- 75-12 
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These formulas will give the maximum spacing of the ties for any 
depth of wall and size of stud, or will give the spacing of the wales if used 
to support the studs. * 

Wales .—^Wales are ,used to keep the forms in Ime, to support the studs, 
and to avoid the necessity of having to tie every stud. They are bolted 
through the wall or are braced from the qptside. and transmit the load 
on the studs to the bolts or braces. They will be continuous members 
under concentrated loads, and are designed in the same way as ledgers 
carrying floor joists ; the same formulae and tables will apply, but instead 
of the loads carried by the joist it will now be the pressure transmitted 
by the studs or “ whls," approximately, h being taken to the centre of 
the wale being designed (see formulae 25 to 32). 

This approximate method gt finding the loads on the wales is dose 
enough for ordinary purposes, the error being less than 10 per cent., but 
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occasions may arise when it is necessary to'find a closer approximation, so 
the method will be given. 

Calculation of loads on wales by more exact method. —^The effect of con¬ 
tinuity on the reactions at the wales will neglected. The pressure of 
the concrete varies from zero at the top of the wall to a maximum at the 
bottom, btiing at any point proportional to the depth from the top, so that 
the pressure on a stud can be represented by a triangle {Fig. 7), aej, where 
ae represents the height of the wall and aj the horizontal pressure at the 
bottom. 

If h, c, d represent the location of wales, the total pressure on the stud 
between any tw6 wales, such as he, will be represented by the area of the 
trapezoid hegh and will act through the centre of gravity of this area at a 
distance x from hh. 

The total pressure P on he equals the average of pressures at h and c 
times he or P - {iv.l. [eg -f- hh)/2) he, where I is the spacing of the studs. 

li ee * h' and be -h then P — ^ since cg/hh = ec/eb. 

The centre of gravity of hegh from hh\s x — ^ 

The proportion of the load P transferred to c is therefore 

P.x/h - wlh!^ . (52) 



and the proportion of the load P transferred to h is 




P.y/h 


wlh^±^ 

6 


(53) 
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The reaction at c from P'*is similarly found, and the two reactions 
added together give the load on the wale at c. 

It is assumed that the whole load on the stud below the lowest wale 
is carried by that wale, and# that the whole load on the stud above the 
highest wale is carried by that wale. 

The pressure P" on de is wl.de^/2, the whole load being carried at d. 

Braces .—^Theoretically a wall form could be built without any external 
braces, because the ties take all the pressure, but the impact of the 
concrete would soon throw the wall out of line, so that some braces 
should always be used. 

The distance apart of the braces is largely a matttT of judgment; 
every 10 ft. should be sufficient if the wall is well tied. 

Exterior Bracing for Walls .—When bolts or wire ties are used the 
bracing, as mentioned above, merely serves to hold the wall in line against 
the impact of the concrete. If, h«w(‘ver, no internal ties can be used, 
which is often the case when large mas.ses of concrete are to be held-- 
as in bridge abutments, or when only one side of the wall is to be formed, 
which is the case when a new wall is built against an old one—then the 
braces must take the whole pressure and must be designed accordingly. 

The braces will take the horizontal pressure on the wales. If they 
can be placed horizontal, that is, in line with the direction of the thrust, 
the load on the brace will be the same as the horizontal pressure on the 
wale, and the size of brace required is found from formula (33) for })osts 
or by the allowable bearing stress on the wale, whichever gives the greater 
value. * 

It is more usual, however, that the braces are inclined, being held at 
the bottom by stakes driven in to the ground. When this is the case 
the thrust on the brace will increase with the inclination of the brace 
to the horizontal. For angles with the horizontal of 30, 45 and 60 
degrees, the thrust on the brace will be approximately 1-25, 1*5, and 2 
times the horizontal pressure on the wale. 

The higher the*wale the greater can be the inclination of the* brace, 
not only to save timber but because; the pressure on the wale will be 
less. If there are three wales the inclination of the braces may be about 
30 degrees for the lower one, 45 degrqps for the middle ope, and 60 degrees 
for the upper one. They are often held by the. same stake. 

Horizontal Sheathing. —Sometimes, though not often, wall sheathing 
is run vertically and the studs horizontally, in which ca.se we have the 
same conditions as with columns and thef forAs are designed in the 
same way, using the formulae for continuous conditions. In this case 
the wales will be vertical, but the method of design can be the same as 
when they are horizontal, assuming that between any two ties each 
horizontal stud will bring the same load to the wale as the load on the 
lower stud. This assumption is on the safe’side and is sufficiently close, 
because only low walls are built in this manner andjthe ties should always 
be dose together. • 

Wak Bolts .—Knowing the load carried by the wale, the stress in 
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the bolt and hence its size can be found in the same way as for column 
yoke bolts. 

Usually not heavier" than |-in. diameter bolts are used, so that if the 
calculated size is greater than this it is better to shorten the span of 
the wale and use smaller bolts; this is especially true if the bolts are 
to be pulled afterwards. 



CHAPTER IV. 


DESIGN TABLES. 

Table 1—Slab Sheathing. 

In designing sheathing for slabs it will be found that deflection and not 
strength in bending or shear will govern the thickness. The table is 
calculated from formula 15, assuming a Jive load of 75 lbs. per sq. ft. 

The timber is assumed to be dressed ^ in. The sheathing is calcu¬ 
lated for continuous spans ; for single .spans deduct one-eighth froni the 
spans given in the table. 

One-inch sheathing is the size most ordinarily used for floor slabs. 
To use the sheathing to the best advantage the joists should J^e .spaced 
at the maximum span of the sheathing, to which may be added the 
thickness of the joist, but if this means using an extra heavy joist the 
spacing wiU be governed by the strength of the joist. 

Table 2—Wall Sheathing. 

In this table strength in bending governs the maScimum spans. 
This is because the loads are heavier and the spans shorter than for 
slabs. 

For walls up to 10 ft. high the weight of the equivalent fluid causing 
horizontal pressure is taken as 125 lbs. per cu. ft., for walls 10 ft. to 20 ft. 
high as 100 lbs. per cu. ft., and for walls higher than 20 ft. as 75 lbs. per 
cu. ft. ^ . • 

The table is calculated from formula 46, and the deflection will be 
less than I in. by formula 47. 

It is usually possible to use wall sheathing at its maximum span, this 
being calculated at the bottom of the*wall, and so studs'should be spaced 
at the spans given in the table, to which may be added the thickness 
of the stud. 

One-inch or i^-in. sheathing is usually ^sed*for walls. 

Table 3—Column Sheathing. 

As for wall sheathing, strength in bending will govern the span. 

The pressure is assumed to be constant between yokes, with intensity 
equal to that at the lower yoke, and the Iformula for calculating the 
sheathing will be the same as for wall sheathing,^" w ” being taken at 
125 for all heights. >* 

The spans will be the same as for wall sheathing for heights up to 
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lo ft., but for greater hekhts the spans will be less. Deflection will be 
less than ^ in. “ 

For smaU-size columns the maximum span’of the sheathing will 
govern the spacing of the yi»kes. 

One-inch and in. are the thicknesses usually used, the’ latter when 
the forms are to be used several times over. Timber is assumed to be 
dressed ^ in. 


Table 4—Joists. 

This table is calculated from formulse 5 and 12, assuming single 
spans, which is the usual condition in beam and girder construction. 
When the joists have one or more centre supports, 25 per cent, may be 
added to the spacings in the table, using a span equal to the distance 
between supports. 

Spacings to the left of the heavy line will give a deflection less than 
4 in. with a live load of 75 lbs. per sq. ft., and to the right of the heavy 
line the spacings will give a deflection less than 4 in. with a live load of 
40 lbs. per sq. ft. 

Unless heavy construction loads are likely to be placed op the slab 
before it has set the latter values may be used. 

It will be noticed that the maximum span for deflection depends only 
on the depth and not the width of the joist. 

For maximum economy of material choose joists that can l)e iipaced 
at the maximum span of the sheathing ; this, however, will not always 
give the cheapest design, since the larger size joists will qpst more than 
the smaller for the same volume of timber, and it is often cheaper to use 
smaller joists spaced closer together than required by the strength of the 
sheathing. 

Spacing for shear is calculated by formula 9; it will always be greater 
than that allowable for bending if the full size of joist is used. If, how¬ 
ever, the depth of the joist is decreased at the.supjxirt, as is sometimes 
necessary for curv^ slabs and arch rings, then the unit shcaring'stress 
should be investigated. 

The thickness of the ledger carrying the joists on the beam side is 
given by formula 23 ; it will vary from i in. to 2 ins., and this will govern 
the size of the ledger that is nailed on to the beam side. 

All'joists are assumed to be dressed 4 in. on each dimension. For 
tmdressed timber of full size, multiply the spacings given by the following 
factors:— • 

For 2 in. by 4 in. joists multiply by 1*3 


2 in. by 6 in. 

$9 

„ 1-25 

2 in. by 8 in. 

II 

1*20 

2 61. by 10 in. 

II 

. 1-20 

3 in, by 4 in. 

II 

.. 1*25 

3 in. by 6 im. 

II 

M * I’20 

3 in. by 8 ii^ 

f r 

.. 1-15 

3 in. by 10 in. 

• 1 

1*15 
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» 

For 4 in. by 6 in. joists multiply bjjt ]C*i5 
4 in. by a|in. „ 1-15 • 

4 in.'by. 10 in. „ 1-125 

The commonest size used for joists is * in. by 6* in. 

Table 5—Ledgers'and Wales/ 

This table gives the size and span of ledgers siqpporting joists, or 
wales supporting studs, for various spacing of joists and studs. They 
are assumed to be continuous over two spans or mpre. 

The concentrated load brought by the joist or stud is first calculated 
and the nearest to this load is then found in the table, which will give 
the size and maximum span of the supporting member. This maximum 
span governs the spacing of the posts. 

Generally, several alternate sizes and spans can be used, so it is 
necessary to make alternate designs to determine which is the most 
economical 

This table is calculated from formula 25. The live load can be 
assumed at 75 or 40 lbs. per sq. ft. as desired; generally the latter is 
sufficient. ^ 

Shear and deflection can be investigated by formulae 26 to 32. For 
shear one joist should be assumed to be close to the-support. 

The width of the member is also important, as the allowable bearing 
stress On the post should not be exceeded (see formula 23). 

If the post IS not square the long side should be placed parallel to the 
ledger. 

Two small sizes are often doubled up to make a ledger or wale, using 
the same size as for joists and studs, thus keeping the number of different 
sizes to a minimum and also saving the extra cost of the larger sizes. 

The ordinary sizes used are 3 in. by 4 in. or 6 in. to 4 in. by 4 in. or 
6 in., either singly or by doubling up. 

* Tables 6 to 9—Column Yokes* 

These tables give the required spacing of column yokes for various 
sizes of yokes and heights and dimensions of columns. They are calcu¬ 
lated from formukc 37 and 41. Strength in bending will govern the 
spacing ; except where noted the deflection will be less than J in. Shear¬ 
ing stress will be safe. It is a.ssumed that the span of the yokes is i ft. 
greater than the dimension of the column. 

For the short side*of a^ectangular column or the side of a square 
column that does not carry the bolts, the span will he equal to or less 
than the side of the column; if desired the yoke can%icrefore be made 
smaller, as noted, but'the spacing will be the same. 

It will be noted that in some cases two sets of spacing are given to a 
column ; this is when the strength of the sheathing governs the spacing. 
Where only one set of spacings is given either of the thicknesses of the 
sheathing given, or greater, can be i&ed. 

Yokes are not often spaced closer than 9 in. at the bottom ; when a 
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• 

closer spacing is required it is better to use a heavier yoke or to put a 
centre bolt through the column and so reduce the span. When a centre 
bolt is used the same spacing should be used as for a column, of half the 
dimension of the side. « 

Columns'are poured to the underside of the deepest members framing 
into them, so that the height to take for the column will be the height 
from the bottom of the deepest beam to the floor or footing below. 

For any height the first yoke from the bottom should be placed about 
4 in. up, an& the spacing above should Start with the distance cut by 
a horizontal line through the height of the column ; or, if this distance 
is cut at about the centre, start with the average between this and the 
distance next above. For instance, for a column 9 ft. high and 18 in. 
side, place the first yoke 4 in. up and the spacing above will be 15 in., 
16 in., 18 in., etc., with 3 in. by 4 in. yokes. 

It is common, tliough not good practice, to .space the yokes equally 
all the way up at, say, 14 in. to 16 in. on centre for ordinary size columns 
and heights in buildings. If this .spacing is suitable for the lower yokes 
it will mean only a waste of material above, but if a smallers pacing 
.should bq used at the bottom the lower yokes are liable to bulge, and 
this is often the case in practice when equal .spacing is used. 

It is often claimed that it is easier for a carpenter to lay out equal 
spaces.* This may be so, though it is doubtful; the saving of a yoke 
per cdlumn will, however, more than offset any possible extra labour 
cost in laying out the yokes correctly. 

When column forms are to be used over and over again on successive 
floors, with varying heights and sizes of column, the spacing of the yokes 
in the fir.st place should be such that they are on the safe side for the 
worst conditions. 

For column forms to be used only once or twice i in. sheathing is 
sufficient, but if the forms arc to be used several times over it is better 
to use i| in. sheathing. Sheathing thicker than in. is .seldom used 
except for unusual conditions, • 

The tables arc for dressed timbcT; for rough timber the spacings 
given may be multiplied by the same factors as given for joists, except 
where the spacing is governed by»the safe span of the sheathing. 

The sizes most used are 3 in. by 4 in. or 4 in. by 4 in. 

Table 10—WaU Ties and Wales. 

The spacing of studs is governed by the maximum span of the sheath* 
ing from Table 2, to which may be added the width of the stud. 

If the studs are simply tied through the wall with no wales, the 
table will give the maximum spacing for the ties. If wales are used, as 
is customary, the table gives the spacing of the wales. It is calculated 
from formuUe 49 and 50, the defla:tion governing the pacing and the 
pressure being assumed constant between any wale and the one above 
it, with intensity equal to that at the lower one. 

When wales are used they need not be tied through the wall at every 
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stud, but the maximum span between ties can be found from Table 5 
for the size it is desired to use. Care must be taken to see that all the 
studs have a bearing on the wale, wedging them if necessary when a 
stud is a little under size. » 

For any height of wall place the first wale or tie about 12 in. from the 
bottom and start the spacing from that point with the distance cut by a 
horizontal line through the height of the column. 

Wall forms more than 12 ft. or 14 ft. high are seldom,built, as it is 
usually cheaper to build the forms for half the height and raise them. 
If the forms are built to the top for high walls, they are generally poured 
in two lifts. In either of these cases, therefore, the spacing of the wales 
need only be that for a wall of half the total height. In some cases for 
strength and watertightness a high wall has to be poured without a 
break, in which case the forms must be designed accordingly. 

It must be remembered that the strength of wall forms vdll depend 
on the tie wires or bolts, and the tables will give the maximum spacing 
of these. They should not be used too sparingly ; additional ones should 
be added at weak points and corners, and outside braces also used. 

For low walls, 2 in. by 4 in. studs and 3 in. or 4 in. by 4 in. wales 
can be used ; for walls over 10 ft,, 3 in. or 4 in. by 4 in. studs and 4 in. or 
6 in. by 6 in, wales may be used. 

One-inch or ij-in. sheathing will do for any except heavy retaining 
walls. 

Wales are often made by doubling up smaller sizes with the bolts 
placed between them. • 


Table 11—Posts. 

This table is calculated from formula 33. Posts over 8 ft. in height 
should be braced in both directions at their centre, usually with i in. by 
6 in. timber, and the height then for calculating the allowable load will 
be half the total height of the post. * , 

For very high posts the bracing should be at the third p<jints. 

If the bottom of the timber carried by the po.st is wider than the post, 
the size of the post is governed by the bearing stre.ss on the timber, either 
400 or 600 lbs, per sq. in. according to^he quality of the timber or whether 
hardwood caps or steel bearing plates are used. 

It will be seen that theoretically the loads depending upon bearing 
stress are equivalent to those for columns 10 ft. high and over. Neverthe¬ 
less, bracing should always be used. The formula for posts assumes no 
eccentricity of loading and hence no bending, but in formwork some 
bending action will nearly always be present, chiefly because the posts 
are seldom placed absolutely vertical and often several inches out of 
plumb, in which case a much smaller load can safely be placed on the 
post. Ifoacing by reducing the unsupported height will take care of this 
bending action. 

We^es, preferably hardwood, should always be placed beneath the 
posts to allow for adjustment in height. 
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For rough posts, add lo per cent, to all loads given in the table. 
For ordinary building work, 3 in. or 4 in. by 4 in. posts are used, and 
for heavier work 6 in. by 6 in. It is a common rule amongst superin¬ 
tendents that a 3 in. or 4 in. by 4 in. post will carry a cu. yd. of concrete, 
or 4000 lbs. 

Beam Bottoms. 

A table is not necessary for the design of beam bottoms, since the 
allowable spun does not vary greatly with the size of the beam. They 
are designed as continuous shallow beams supporting a uniform load and 
spanning between the supporting posts. Formulae 3 and 14 apply, ” w ” 
being the weight of the concrete beam and the live load on the beam. 
It is assumed that none of the slab load is carried by the beam bottom, 
and that the beam bottom is independent of, and therefore receives no 
support from, the side forms. 

For a deflection of ^ in., deflection will govern the allowable span 
between posts. 

Two-inch dressed timber is almost invariably used for beam bottoms. 
The maximum span is independent of the width of the beam and varies 
only slightly with the depth, the depth being measured from the top of 
the slab. 

With 2 in. dressed timber, a deflection of J in., and a live load of 40 lbs. 
}>er sq. ft, the following rule can be used:— 

For depth of beam up to 16 in., space posts 4 ft. 3 in. apart. 

„ from 16 in. to 24 in. „ 4 ft. 0 in. „ 

» >. 24 in. lo 36 in. ,. 3 ft. 9 in. „ 

„ „ 36 in. to 48 in. „ 3 ft. 6 in. ,, 

Posts supporting beam bottoms should always have a cross-piece at 
the top, braced back to the post, in order to give the bottom full bearing. 

Application of Tables. 

•W'e now have all the data necessary quickly tq design any problem 
in formwork or to check the strength of formwork already erected. 

Sizes should not be picked from the tables at random without con¬ 
sidering the two important points—timber available and relative cost of 
different sizes. *' 

It is not economical to hold up work waiting for a certain size timber 
when another size that can be delivered immediately can be used equally 
as well. 

Also, before deciding on a design the question of how many times 
over it will be necessary to use the forms must be considered. Light 
forms will not stand much re-handling, and in a multiple-story building 
it will pay to put more timber into the built-up units of the first floor 
than is required for strength, because less patching and renewals will be 
required T)n successive floors. 

For almost any condition several different designs can be made, all 
having the same strength, and it is necessary to make comparisons of the 
relative economy imless there is no choice in the sizes of members to use. 



CHAPTER V. 

DESIGN PROBLEMS. 

Design I : Simple Slab. 

Design forms for a 4-*». corridor slab, span 6 ft., supported on brick 

waUs. 



(a) Joists Spanning across Slab.—From Tablo i, i-in. sheathing 
will span up to 31J in.; from Table 2, 2 in. by 6 in. joists at 20 in. on 
centre can be used; so strength of joists will govern spacing. 

The joists will be supported at their ends by ledgers along the wall. 
The load carried by each joist to ledger will be (48 + 40) 1*67 X 3 — 440 
lbs. From Tabic 5, we have the choice of 2 in. by 6 in. spanning 6 ft., 
2 in. by 8 in. spanning 8 ft., or 3 in. by 6 in. spanning 7 ft. 6 in., or 4 
in. by 6 in. spanning 8 ft. Assuming 3 in. by 4 in. posts, the 2 ink by 
8 in. will give the least amount of timber and will be used. 

Maximum load on post (calculated from formula 26) with one joist 
over post = 2130 lbs. The 4-in. side of the post will be placed against 

the wail. Bearing required for ledger = — 3 in., and we 

400 X 175 

have 3i in. From Table ii it will be seen that a 3 in. by 4 in. post 
is sufficiently strong. 

(b) Longitudinal Joists. —If it is desired to run the joists longi¬ 
tudinally they can be designed as continuous and the spacing of the 
joists may be increased 25 per cent. With one centre joist the span 
of the sheathing would be 36 in., which is too great for i-in. sheathing, 
so two centre joists will be used. *1116 spacing will then be 24 in., and 
from Table 4 for 2 in. by 6 in. joists and 4-in. slab, adding 25 per cent, 
to spacing, the span or distance between ledgers can be 6 ft. 

Load from each joist on ledger = 88 X 2 X 6 => 1056 lbs., and from 

87 
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Table 5, for a span of 6 ft. and joists 24 in. centre to centre a 4 in. by 
6 in., made up of two 2 in. by 6 in., can just be used. 

Load on post will be 1056 x 1-5 = 1584 lbs. This being less than 
before no further calculations are necessary. 

Comparing the relative economy in timber, we have for one lin. ft. 
of slab in cu. ft. of timber, assuming posts 10 ft. long: 

[a) Sheathing — X 6 =0*5 (6) *= 0*5 

• TO 


Joists 

Ledgers 


12 X 6 X 12 
144 X 20 

16 X 2 


144 


= 0’3 

= 0-222 


12 X 4 

144 

24 X 6 
144 X 6 


= 0-333 

Ik 

= 0-167 


Posts 


12 X 10 X 2 
144 X 8 


0-208 


12 X 10 X 2 

144 X 6 


0-278 


= 1-230 c.f. = 1-278 C.f. 

It will be seen that there is little difference in the amount of timber 
required in the two designs. The second design would be slightly better 
perhaps because only one size of timber is required and the joists can 
be used in long lengths from which there would be better salvage than 
if they were cut up into 6 ft. lengths, while cutting the sheathing would 
not matter milch since short lengths can always be used. 


Design 2 : Simple Slab, Long Span. 

Design forms for a 7 in. roof slab 14 ft. by 20 ft., 10 ft. high. 

A, span of 14 ft. will require one or two rows of posts to reduce the 
span. 

{a) One Row of Posts.—Joists will be continuous, so 25 per cent, 
can be added to the spacing. From Table 4, for 7 ft. span and 7 in. 
slab, 2 in. by 8 in. joists at 21 X 1-25 = 26 in. c.s. can be used. From 
Table i, i-in. sheathing will span up to 29I in. 

Load from each joist on ledger = (84 + 40) x 2-17 X 7 = 1885 lbs. 
From Table 5 we have choice of 2 in. by 8 in., span 4 ft. 6 in.; or 
4 in. by 8 in., span 6 ft. The former will give less timber per lin. ft., 
so will be used. 

Maximum load on post with one joist over post = 1885 (1 + 2 
{•52 + -037)) = 4000 lbs. 

Bearing stress on ledger = — - -= 600 lbs. sq. in., which is 

1-75 X 3-75 

^00 high and indicates the ledger is too narrow, so a 4 in. by 8 in., made 
up of two 2 in. by 8 in., must be used. 
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Load on post now =5 1885(1 + 2(*64 4- *28)) = 5350 lbs., and bear¬ 
ing stress = —= 380 lbs. sq. in., which is safe. 

375 X 3 75 

Load on wall ledgers = Hhlf the above = 942 lbs. 

From Table 5 one 2 in. by 8 in. will carry the load at 6 ft. span. 
Wall posts will be the same as interior posts for convenience, far¬ 
ing stress on wall ledger = - — 407 lbs. sq. in., or just at 

175 X 375 

the limit of the allowable stress. 



{b) Two Rows of Posts.—If it is desired to u.sc .smaller joists and 
ledgers, use two rows of posts. Span now i.s 4 ft. 8 in. In Table 4 i»ter- 
polating between 4 ft. 6 in. and 5 ft. spans, 2 ip. by 6 in. at 27 x 1-25 — 34 
in. can be used. But from Table 1 maximum span of i-in. sheathing 
= 29^ in. and adding i| in. for widjh of joist gives 31 in. for maximum 
spacing of joists. 

Loads on ledger — 124 X 2-58 x 4-67= 1500 lbs. 

From Table 5, using same size timber, 4 in. by 6 in. (two 2 in. by 6 
in.) will carry the loads at 5 ft. 6 in. .span. 

Load on post = 1500(1 + 2(*53 + -06)) = 3270 lbs. From Table 10 
a 3 in. by 4 in. post will do, checking bearing stress, 

stress = —-=318. 

375 X 275 

Loads on wall ledger = 750, and one 2*in. by 6 in. will carry the 
loads at the same span of 5 ft. 6 in. 

Cxnnparing the two desagns for economy of material, in 9U. ft. of 
timber per Un. ft. of slab, assuming i in. x 6 in. post braces each way. 
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OF FORMWORK, 

t 


(a) Sheathing 

12 

= I-I 7 (6) 

12 

= 1*17 

Joists 

16 X 12 X 14 
144 X 26 

= 072 * 

12 X 12 X 14 

”144 X 31 

= 0-45 

Ledgers 

64 

‘ 144 

= 0-45 

144 

= 0-50 

Posts 

16 X 30 

144 X 6 

= 0-50 

12 X 40 

144 X 5”5 

= o-6i 

Braces 

6 X 32 

144 X 6 

= 0*22 

6 X 36 

144 X 5-5 

= 0-27 



3*12 c.f. 


3*00 c.f. 


There is not imich difference between the two designs for amount of 
material used, .s<j it wdl lx* a question of the relative cost of sixes. 

Design 3 : Beam and Girder Panel, Short Span Slab. 

« 

Design forms for typical bay of beam and girder construction, consisting 
of ^\-in. slab, 8 in by i8 in beams, span 22 ft. and 5 ft 4 in. on centres 
and 12 in. by 20 in. girders, span 16 ft 



From Table i, i-in. sheathing for 3|-in. slab will span 32 in. 

Span of joists will be 4 ft. 6 in. From Table 4, interpolating between 
3 in. and 4 in. slabs, wc can use 2 in. by 4 in. at 16J in. on centre, or 
2 in. by 6 in. at 39 in., on centre, which, however, must be reduced to 
32 + I = 33 ii'- on centre "because •£ the deflection of the sheathing. 
The latter will be more economical, so will fx? chosen. 

Load carried to ledger, including 40 lbs. live load = {42 + 40) x 
275 X 2*25 = 510 lbs. 
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510 

Width of ledger required for bearing =-- = 73 in., so 

^ 400 X 175 

I in. by 6 in. can be used. 

Beam bottoms will be 2 im by 8 in., and according to our rule a if)-in. 
depth requires posts 4 ft. 3 in. on centre and a 24 in. depth 4 ft. on centre ; 
since the clear span of the beams is 21 ft., it will be satisfactory to space 
the posts 4 ft. 2 in. on centre. 

The girder bottom will be 2 in. by 12 in., made out of,two 2 in. by 
f) in. The spacing of the posts under the giniers may be 4 ft. 

Load on beam posts 

= (82 X 5-33 X 4-17) ^ (8 X 14*5 x 4-17) ---- 2305 lbs. 

Load on girder posts 

= {82 X 5-17 X 4) 4 - ( 1-2 X i6-5 X 4) -i- (8 x 14*5 x 4*17) =--• ^ 9^5 lbs 
From Table ii, 3 in. by 4 in posts can be usi'd. 

Design 4 : Beam and Girder Panel, Long Span Slab. 

Design forms for typical beam ami girder panel consisting of 4J in. slab 
mtli T in. finish of cement, with 12 in. bv 24 in. beams spanning 30 
ft and 14 in. by 30 in girders spanning 24 ft. 






Total thickne.ss of slab will be sj^n. From Table i, i-in sheathing 
will span 30J in. Clear span of joists is ii ft. To span this without a 
centre support would mean using heavy joists close together, so one 
centre ledger will be used, reducing the span to 5 ft. 6 in., and joists 
will be continuous, so that 25 per cent, can be added to the spacing. 

Interpolating between 5 in. and 6 in. slabs, and adding 25 jicr cent., 
we can use 2 in. by 6 in. at 27 in. on centre. 

Loads on centre ledger — (66 -f- 40)2*25 x 5*5 = 1315 lbs. From 
Table 5 we have choice of 2 in. by 8 in. ^an 5 ft., 4 in. by 6 in. 
span 5 ft. 6 in., 3 in. by 8 in. span ^ ft., 4 in. by 8 in. span 7 ft. 6 in. 
For economy in material they are approximately in the ratio of 
I: i*i: 1*05 : i*i. Available material and relative cost will decide; we 
,will use 3 in. by 8 in. span 6 ft. 
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Loads on beam ledger will be 658 lbs., and, we can tell fr(wn previous 
design that a 1 in. by 6 in. will be sufficient. 

Maximum load on ledger posts = 1315(1 + 2(*625 + *25)) =30251^- 

Bearing stress on 4 in. post = 3025/3*75 X 2*75 = 293, so we can 
use 3 in. by 4 in. posts. 

To show the use of the formulje we will investigate shear and deflec¬ 
tion of the ledger. 

With one joist 4 in. from centre of post 


(5*67 -f- 3-42 -f 1*17) 

^315 ■ -- — = 2250 

6 


and unit shearing stress v = 
well within the allowable. 


= 159 lbs. sq. in., which is 
^75 X 7*75 • 


Deflection (formula 32), 


5 X 1315 X 12 ^ 3 ^ ^ ^ X 72* - 4 X9*)) 

384 X 1,200,000 X 2*75 X 775® 


= 0*087 in. which is le.ss than J in, 

Beaifi bottoms will be 2 in. thick, and the spacing of the posts 4 ft. 
Girder bottoms will be 2 m. thick, and the spacing of the posts will be 
3 ft. 9 in. 


Design 5: Mushroom Slab, One-Way Design. 

Design forms (o support a 9 in. flat floor slab without beams : floor height, 

II ft. 



This design can be used for any large area of floor without beams. 
From Table i, i in. sl\eathing will span 28J in. 

From Table 4, continuous joists 5 in. by 6 in. spanning 6 ft. can be 
placed 27i in. on centre. 

Load on posts = (108 •+- 40) x 2*29 x 6 = 2030 lbs. Use 3 in. by 
4 in. posts. 
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Design 6 : Mushroom Slab, Two-Way Dmign. 

Design forms for a 9 in. slab as before, using joists and ledgers. 

Instead of carr3nng the jitfsts individually on posts, ledgers may be 
used with smaller joists. 

From Table 4 (continuous joists), 2 in. by 6 in. at 25 in. on centre 
will span 5 ft. 

Loads on ledgers from joists = 148 x 2*08 X 5 == 1549 
" From Table 5, the best ledgers to use are 4 in, by 6 in. span 5 ft,, 



f 






3 \ 4 * 


0£5/e/^ 6 

or 3 in. by 8 in. span 5 ft. 6 in. ; we will use the latter as it takes less 
timber. 

Maximum load on posts =-1540 x (i + 2(-62i + *243)) = 4200 lbs. 

Bearing stress on post 4 in. wide --- — —— 407* S’® that it is 

just possible to use j 3 in. by 4 in. post, with the long side parallel to 
the ledger. 

Comparing the two designs 5 and 6 for economy in timber, in cu. ft. 


(5) Sheathing 
Joists 

Posts 

Braces 


18 X 12 

== 0-0^3 c.f. 

(6) 

12 X 12 

0-083 

144 X 27*5 

12 X 10 

= o >055 

144 X 25 

120 X I 

— 0-040 

144 X 2*29 X 6 

= o-o6i 

144 X 5-5 X 5 

~ 0-030 

6 X 8*29 

144 X 2*29 X 6 

= 0-025 

6 X 10-5 
144 X 27-5 

= 0-016 


Ledger 

24 X I 

144 X 5’5 

= 0-030 


0'224 c.f. 


= 0*199 
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This shows that it is more economical to use the two-way system, 
saving about lO per cent, of the timber required by the one-way. This 
holds good in general, and for that reason i.s more popular. 


Design 7: Light Weight Rib Floors. 

By this i.s,meant that system of floor construction which consists of 
clay, metal, or gypsum tile fillers, combined with narrow concrete joists 
of long span, supporting a thin slab; the slab may be omitted. 




(rt) Closed Deck.—Clay tile fillers are usually 12 in. wide, combined 
with 4 in. wide joists of variable depth depending on the span carrying 
a 2 in. slab. , 

Since the tile is narrow and the joists close together, with tongue 
and groove sheathing, the heavier weight of the joist is so distributed 
that the load may be considered uniform, and the deck is often built 
solid as for a solid slab. 
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Design forms for a floor 10 in. deep, consisting of 4 in. joists tenth 2 in, 
slab and 12 in. wide by 8 in. deep clay tile flUers. 

An 8 in. by 12 in. by la in. tile weighs 30 lbs., the slab 25 lbs., and 
the joist 40 lbs., or total of 95 lbs. per foot of joist, or a unifonn load 
of 95/1-33 = 70 lbs. per sq. ft., which is equivalent to a 5J in. solid 
slab. From Table 1, maximum span of i in. sheathing is 30J in.: adding 
ij in. for joist, joists will be 32 in. on centre. , 

From Table 4. adding 25 per cent, to .spacing, for spacing of 32 in. 
with in. slab, 2 in. by 6 in. joists will span 5 ft. 

Loads carried by joists to ledger (70 -f- 40) x 2-67 X 5 — 1470 lbs. 

•From Tables, 4 in. by 6 in. ledgers will span 5 ft. 9 in. with these loads. 

Load on posts = 1470(1 + 2(0-535 + 0-073)) — 3250 lbs., ancTa 3 in. 
by 4 in. will be sufficient. 

{b) Open Deck.- -Metal tiles arc generally about 20 in. wide at the 
bottom and are much lighter than clay tiles, so that the load is con¬ 
centrated at the joists; these forms are therefore built with a 2 in. 
plank under the joist, the rest of the deck being left open.. 


Design forms for a floor consisting of 4 tn. wide joists 8 in. deep, 24 in. 
on centre carrying a 2 in. slab, with metal tile fillers. 


Tiles will weigh about 3 Ib.s. (-ach, joist 36 lbs , slab 48 lbs., or, .say, 
a total load of 90 lbs. per foot of joist. Livi- load per foot -= 75 X 2 =150, 
or total load of 240 lbs. per foot of joist. 

Using 2 in. by 8 in. under joists the maximum span is found from 
formula 14. 


for D = r/8, ^ = 


3 X 340 X X 12* X 12 
384 X 12 X 1,200,000 X 7-5 X 1-75® 


or I ~ 3 ft. 3 in. 


Loads on joist == (90 -f 80) x 3-25 --- 555 lbs., and from Table 5 a 
2 in. by 6 in. will span 5 ft. 6 in. 

If desired to use ledgers at 5 ft. 6 in. on centre instead of shoring 
each joist a 4 in. by 6 in. will span«6 ft. 6 in. with the load of 1565 lbs. 
per joist. Use 3 in. by 4 in. posts. 


Design 8 : Floor Slabs with Small Haunches at the Beams. 

Design forms for a 5 in. slab, span 8 ft. between beams, with haunches 
2\ in. deep and in. long at each beam. 

When the haunch is small the joists can be cut to suit the haunch. 
From Table i, i in. sheathing vdU span 31 in.; from Table 2 we can 
use 2 in. by 8 in. at 19 in., or 3 in. by 6 in. at 30 in. 
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As joists will be cut away at the ends the horizontal shearin^^ stress 
must investigated, otherwise the design is the same as befene. 
With 2 in. by 8 in., 



exjtart 8 


^ ^ 1-5 X {(6o + 40) X 1-58 X 4 + 15 X I- 58 } _ 

175 X 5'25 

With 3 in. by 6 in., 

1^5 X {lOO X 2-5 X 4 + 15 X 2 - 5 } 

275 X 3-25 

So that cither .size joist may be used. 


Design 9 :r Floor Slabs with Deep Haunches at the Beams. 

Design forms for a 7 in. slab sfan ii ft, with a hattnch 5 in. deep and 

I ft. 9 in. long at the beams. 



Wlicn the haunch is deep it is often better to run the joists longi* 
tudinally and carry them on ledgers supported by the beams and so 
avoid the waste of cutting. • 

The haunch sheathing can span from beam side to the first joist 
at the end of the haunch; the average slab thickness will be 9} in. 
and I in. sheathing will be sufficient. 
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4:^ 

Depth of joist should be about the same as that of haunch (not less), 
and be continuous. 

From Table 4, 2 in. by 6 in. at 26 x 1*25 = 32} in. will span 4 ft. 9 in. 
From Table i, i in. sheathing will span 29J + = 31 in., so this 

governs; however, since total width of slab is 7 ft. 6 in. we will use 
3 spaces at 30 in. 

Loads on ledger (assuming same for all joists) = (84 + 40) X 2*5 x 
4*75 1475 Jbs. The span of 11 ft. will be too great without a centre 

post. With centre row of posts, from Table 5 a 4 in. by 6In. will carry 
the load over a span of 5 ft. 6 in. 

Shear at end of ledger (approx.) 

= 290 X 475 X + 310 X475 X = 1235, 

5‘5 5*5 

width of beam ledger = - - - — 176; use 2 in. by 4 in. 

175 X 4 «o 

Load on centre posts will be 3160 lbs.; a 3 in. by 4 in. can be used. 


Design 10 : Small Column Form. * 

Design form for a column 12 in. by 14 in., 10 ft. 6 in. high. 



The form will not be used over twice, so i in. .sheathing will be used. 

From Table 6, a line drawn through depth of 10 ft. 6 in. will give 
the first spacing for a 14 in. column at ii in. Since the first yoke should 
be about 4 in. up from the bottom, the .spacing will be 4 in., ii in., 12 in., 
13 in., 15 in., 17 in., 19 in., 23 in. This will give the top yoke 12 in. 
below the top of the column. Yokes spanning the 12 in. dimension can 
be 2 in. by 4 in. on the side instead of edge. 

To show the size of bolts and washers theoretically required, they 
will be calculated from formuhe 43, 44 and 45. 
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Maximum stress in bolts will be in the second yoke up, and diameter 

r V li j ! / 9*25 X *96 X 1-17 . , . 

of bolt d — \/ - - - - - 0*243 m., say J in. 

V 175 

As this is a small column a J in. bolt could be used, though a in. 
bolt would be better, as mentioned before. 

For J in. bolt, hole in washer will be f in. diameter. 

A r i- 125 X 9*25 X *96 X 1-17 , o 

Area of square washer = ^ ^ ' -j- 0*785 X 0*375* 

800 

= 1*733 sq. ins., or side = say i| in. 


Th'ckness of W.I. washer 


I 

220 


/(2*25 — 0 * 44 *j_x 0*53 
0*44 

= 0*143 in. 


= say, 5/32 in. 

It would be better to standardise on a larger size according to the 
rule given in Chapter 111 , and use a f in. bolt with a 3 in. by 3 in. by 
J in. washer. 


Design 11 : Large Column Form. 

Design form for a 32 in. square column, 16 ft. 9 in. high. 



peaiGtr //. 


It will be seen from Tables 6 to 9 that a 4 in. by 6 in. yoke should 
be used. According to the table, the first yoke will be 2 in. above* 
the bottom of the column. Change this to 4 in. and space as given, 
10 in., II in., ii in., 12 in., etc., u^ng ij in. sheathing. Top yoke will 
be 19 in. from top of column. The other pair of yokes may be 4 in. by 
6 in. on side instead of edge. Bolts will be | in. diameter and washers 
3j in. by 3J in. by J in. 
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Design 12 : Very Large Columns." 


Design forms for a column 16 in. by 60 in., 13 ft. High. 



To find what size yoke would be required witln)ut a eontrc support 
apply formula 37, assuming it is desired not to sjiace the yoki'.s closer 
than 9 in. If first yoke is 6 in. up, h — 12-5, / — 5 i 6 and 

s = 9 = ' , from wlucli hd^ =231. 

12-5{62 -i) ^ 

If wc use a yoke 4 in. wide, depth ~ 7-83, or 4 in. by cS in. is required. 

With this method of framing a width less than 4 in. would not be desirable. 


For a deflection of 


deflection govern.s and a 4 in. by 12 in. must bi* used. This could be 
two 2 in. by 12 ir^., with bolt between. This, however, is too l^fge 
practically, so a centre bolt will be used, and the spacing mn be that for 
a 30 in. column. 

From Table 9, using 4 in. by 6 in. yokes, placing first yoke 4 in. up, 
spacing will be 15 in., 16 in., 18 in.,*20 in., etc., with ij in. sheathing. 

Load on centre bolt at second yoke uji 


I 75 

= 125 X 11*42 X 1*29 X 2*5 X 2 X- - 

3 


= 5360 lbs. 


Diameter of threaded bolt d = 
I in. bolt. 


5360 

14000 X 0*785 


0*70, 


Area of washer 

Thickness == — 
220 


53 ^ - 0*785 ;< 0*8752 
400 

400 X 12*82 X 1*3125 
I-I 25 


14, or side = 3^ in. 
= 0*352, say, f in. 


say. 


E 
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According to our rule the standard washer would be 4 in. by 4 in. 
by I in. The two end bolts may be f in. and the washers 3 j in. by 3 j in. 
by i in. 

The ends being only 16 in., smaller 5rokes may be used. We find 
from the tables that a 4 in. by 4 in. yoke will give approximately the 
.same spacing for a 16 in. column as we are u.sing for the 60 in. side, and 
therefore being end yokes we can u.se a 3 in. by 4 in. on its side. 


Design 13 : Low Wall Forms. 

Design forms for an 18 in. wall, 8 ft. high. 




l-'rom Table 2, i in. .sheathing will .span 14 in., add 2 in. for stud, 
so place stud.s 16 in. on centre. 

^From Table 10, using 2 in. by 4 in. studs, the spacing of the ties or 
wales will be 12 in., 36 in., and 39 in. 

Load on lowest tie = 7 x 125 x 1-333 X 2-5 = 2915 lbs. 

Size of plain tie rod d = a / ^ 9^5 ^ ^ 1 

^ 20000 X 0785 

diameter. 

Load on second tie = 4 x 125 X 1-333 X 3-125 = 2085 lbs., requiring 
a I in. rod, and the same size would be used for the top wale or tie. 

If the rods are to be drawn after stripping it would be better to use 
I in. rods throughout to avoid having more than one size on the job. 

Wire is commonly used for tying low wall forms, but the factor of 
safety is only about half what it is when bolts are used, since the wire 
is stressed up nearly to the clastip limit and to about one-half of its 
ultimate strength. Wires will seldom break from the pressure of the 
concrete, but they are liable to snap from sudden jaTs, as when hit by 
large stones or ** plums ” dropped into the wall, and they will cut iifto 
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the stud OT wale around which they are twisted, causing the form to 
give more or less. 

Assuming a stress of 40,000 lbs. per sq. in. in the wire, the area of 
wire required would be, for, the lowest wale = 0*073 sq. in., and the 
sectional area of No. 9 wire being 0*0163 sq. in., four wires would be 
required, or two double strands. These strands are twisted tightly 
together inside the wall. 

The same would be required for the centre wale and one double strand 
for the top wale. 

Since with plain round rods it is as.sunicd tliat patent clamps will 
be used, it is not necessary to use washers, as the clamp will give sufficient 
bearing. 


Design 14 : High Wall Forms. 

Design forms for a wall 18 //. high, concreting to he completed in one 

operation. 





From Table 2, in. sheathing will span 13I in., using 3 in. by 4 in. 
studs; and, adding the thickness of the stud tp the span of the sheathing, 
. the studs will be 16 in. centre to eentre. 

From Table 10, spacing of the wales from the bottom will be 12 in., 
36 in., 36 in., 39 in., 42 in. and 45 in., the last wale being 6 in."from the 
top of the waU. 
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A 

' » 


Load from each stud 

on ist 

lbs. 

wale = 17 X 100 X 1*33 X 2-5 = 5660 



If 

2nd 

„ = 14 X 100 X 1-33 X 3 = 5600 

>> 

If 

If 

3rd 

„ = II 100 X 1*33 X 3-125 = 4600 

>> 

If 

If 

4th 

» = 7-75 X 125 X 1-33 X 3-375 = 44 oo 


If 

ft 

5th 

„ = 4-25 X 125 X 1-33 X 3-625 = 2600 


The exact loads by formulae 52 and 53 will be successively 5530, 

5600, 4545, 4305, 2515, and for the top wale 565 lbs. It will be noticed 

that these are very close to the loads found by the approximate method. 

To find what size wale will be required if only alternate studs are 

t- lx 1 5600 X 2-66 X 12 X 8 1600 X bd^ , „ 

bolted, M = = M =-,-, or M* =134, 

4 X 10 '6 

or a 4 in. by 6 in. is required. 

Load on the tie == 5600 x 2 — 11200 lbs„ and for threaded bolts 


d = 


11200 




14000 X 785 


I in. diameter, or with plain rods 


'• ^ - _ = 0-84 in., or, say, | in. round rod. 

20000 X 785 

, , 11200 ,0 , 

With I in. bolt, area of washer = - - -h 0785 x 1-125* = 29 sq. m., 

400 

or, say, 54 in. square. 

TI.e thickl.o,ss of washer / = " ^= 0-55, 

220 V 1-5 

say, I in. thick. 

The wale, bolt and washer have been calculated to show the large 
sizes required. It would be betti-r to use smaller sizes and tie each 
instead of alternate studs. 

The wales can now be made 4 in. by 4 in., as they will only act as 

stilfeners. * 

The load now on the tie will be 5600 lbs., and for plain rods 

d — A / - 5600_^ ^ Qr, say, I in. diameter. 

V 20000 x 0-785 • 

The two lower wales will need | in. rods, the third and fourth J in. 
rods, and the fifth | in. rods, or two double strands of No. 9 wire and 
the top one double strand of wire. 


Design 15 ; Very High Walls and Piers poured Monolithic. 

Design forms for a pier 4, ft. thick and 30 ft. high, no construction joint 

being ‘allowed. 

We will use i J in. sheathing, and spacing from Table 2 is 15 in. Using 
4 in. by 4 in. studs, -they can therefore be placed 19 in. on centre. 
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From formula 50, if first wale is placed 12 in. up, spacing of next 

wale, 5 = 66 . / _375 ^ 3 75 ^2-2 in.; allowing for the wale 

V 75 X 29 X 1-58 

and for the fact that we have assumed uniform pressure between wales, 


say, 36 in. 


Spacing of third wale, s = 66 



.375 X 375 * 
75 X 26 X 1-58 


= 33 - 2 . 


say, 36 in. Similarly the spacing of the remaining wales will be 39 in., 
39 in., 39 in., 42 in., 45 in. and 51 in. 



* lbs. 

Loads brought by studs to lowest wale = 29 x 75 X 1-58 x 2*5 —8600 

.. „ .. second , „ ' = 26 x 75 X 1-58 x 3 =9200 

Diameter of threaded bolt — a / ^200 _ ^ 

• ^ 14000 X 785 ^ ' J'' 

diameter, and for plain rod = 076 in., or, say, f in. diameter. 

The size of rods or bolts for the other wales are .similarly calculated. 
The wales should be 4 in. by 4 in. at least, or preferably 4 in. by 
6 in. 

With high walls or piers poured monolithic ties will be required on 
every stud or veiy large bolts and washers,,which are not economical, 
will be' necessary; wires should n6t be used. 

Sometimes a large bolt is replaced by two smaller bolts, placed one 
each side of the stud (see Design 16). 
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Design 16 : Very High Walls or Piers poured In two Operations* 

Design forms for a pier 4 ft. wide and 30 ft. high, the concrete to he poured 
in two operations, hut the forms to he Jbuilt up the fuU height. 
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Using ij in. sheathing, for 15 ft. high the spacing of the studs will 
be 14J -f- = 17 in. Using 3 in. by 4 in. studs, wales will be spaced 

at 12 in., 36 in., 39 in., 42 in., 45 in., 36 in., 39 in., 42 in. and 45 in., 
the top wale being 24 in. from the top of the wall. 

• lbs. from each stud. 

Load on lowest wale — 14 X 100 X 1*42 X 2*5 4960 

„ 2nd „ II X 100 X 1-42 X 3*125 — 4890 

,. 3rd „ 7*75 X.125 X 1*42 X 3-375 = 4640 

,. 4th ^ 4*25 X 125 X 1*42 X 3*625 2740 

With ties at alternate studs, load on tie = 9920 lbs., and calculating 
the size of wale required, as in Design 14, a 4 in. by 6 in. will be required. 
Instead of using one large tie we will use two small ones, and the load 
on each will be 4960 lbs.; the diameter of plain rod required is 0*55, 
or, say, | in., or if threaded bolts are used the diameter will be f in. 
One rod or bolt will be placed each side of the stud and between the 
two 2 in. by 6 in., formipg the 4 in. by 6 in. wale. 

Use the same sizes for the three lower wales. For the 4th wale two 
I in. bolts would be sufficient, but it would be better to use the same 
sizes as before. 

The loads on the 5th wale will be greater from the upper pour and 
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(approx.) = 1375 X 100 X 1*42 X 2*5 x i’25/3 =« 2040 lbs. (exactly 
2090). Use I in. or | in. bolts. 

TThe bolts in the wales for the upper half of the wall will be similar 
to those on the lower half. • 

Design 17: Wall Forms without Internal Ties. 

Design forms for a tvaU 9 ft. high poured against an existing wall, so that 
a form for only one side will be required. 





D€aJCN /7 • 


When the mass of concrete to be poured is very large, as in bridge 
abutments, or when a new wall is to be poured against an old one so 
that only one side can Ixj formed, it is impossible to use internal ties, 
and the forms have to be held by external braces. 

With I in. sheathing, 3 in. by 4 in. studs will be 16 in. centre to centre, 
and wales will be placed 12 in., 39 in. and ’45 in. up. 

lbs. 

Load on each stud at lowest wale*= 8 x 125 x 1*33 X 2*625 = 3500 
M M » 2nd „ = 4*75 X 125 X 1*33 X 3*5 == 2775 

M „ M „ 3rd . „ 2*875 X 125 X 3*75 X 

3'75 

I2S 

X i '33 + —- X I X 1*33 = 785 


The centre of pressure between the 2nd and ist wales from the top 
is i«47 ft. up from the 2nd wale. 

Bracing the lowest wale at evefy third stud or at spaces of 4 ft., to 


hnd size of wale required M — 3500 x 1*33 x *8 x 12 = M, 


i6oo6d*. 

6 


or s 168, or size can be 6 in. by 6 in. 
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The same size will be used for the middle wale with the braces the 
same distance apart. 

For the upper wale for the same span of 4 ft. a 4 in. by 4 in. wale 
will be sufficient. • 

The angle of the brace to the lower wale will be about 30 degrees, 
and thrust == 3500 x 3 x i’25 = 13125 lbs. The centre brace will be 
placed at 45 degrees, and thrust = 2775 X 3 X i ’5 = 12500 lbs. The 
top brace wjll be at 60 d(!grees, and thrust = 785 x 3 X 2 = 4710 lbs. 
Length of bracc.s wjH be 2 ft., 4 ft., and 9 ft. respectively. 

From Table 11, assuming hardwood wedges are used between brace 
and wale, 4*in. by 4 in. braces can be used for the bottom and centre 
wale, and 3 in. by 4 in. braces for the top wale. 


Design 18 : Wall Forms with Horizontal Studs. 

Design forms for a ivall 9 ft. high using i| in. sheathing placed vertically. 




Placing first horizontal stud 4 in up, from Table 2 or 3 the next 
spacing will be 17 in. -f 3 in. for stud, or 20 in. total; next spacing will 
be 19J + say 3J = 23 in.; next spacing will be, from formula 46, for 
a depth of 9 ft. — (3 ft. ii in.) -- 5 ft. i in., 

^ 125 X 5*o8 

Similarly, next spacing will be 33 hi. • 

Since we assume that the pressure is constant between any two 
studs while it decreases rapidly when the spacing is large, it is quite 
safe to add at least 3 in. to the calculated spacing. 
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lbs. 

The load on the bottom stud (appro.x.) = 8-67 x 125 x 1-17 ==1270 

,, .. » 2nd „ „ == 7 X 125 X 179 =" 1570 

M .. .. 5td #„ = 5‘o8 X 125 X 2*04 ~ 1295 


The loads on the two upper studs will be less, so the second stud 
will govern the spacing of the vertical wales or of the tics. 

Using 3 in. by 4 in. studs, to find maximum span for a deflection of 

I m., by formula 14, - - - - ,or / 

8 384 X 12 X 1,200,000 X 275 X375® 

= 3*03 ft-, say, 3 ft. without wales and 3 ft. 3 in. with wales. 

If no wales are used, or if wales are only used to keep the form in 
line, all the horizontal studs will be tied at this spacing. 

If it is desired to take advantage of the smaller loads on the upper 
studs, short lengths of wale can be u.sed, one from the lowest to the 
third stud at above spacing and another from the third to the top stud 
at a greater spacing depending upon the maximum .sjian for* the fourth 
stud. Load on this stud --- 2-q2 ,< 125 x 2-46 - yoo lbs. per lin. ft., 
and calculated as above / -= 3-5 ft, or, with wales, say, 3 ft. 9 in. As 
this is not much greater than for the lower wales it would be better to 
nin the wales through to the top at the smaller .sp.acing. 

The size of ties is calculated as in previous designs. 


Design 19 : Stair Forms. , 

Design forms for a flight of stairs 5 ft. 10 in. high from latiding to landing 
4 ft. wide with 10 in. treads and 7 in. risers, the slab being 5 in. thick. 



DCSt ^N is 

It This design is typical for inclined slabs*. 

/ Weight of slab 60 lbs., steps 35 lbs., live load, say, 40 lbs., or total 
of 135 lbs. sq. ft. Not more than 40 lbs. need be taken for live load 
because there wUl be no wheeling over the slab. 
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The dead load will act vertically, while the sheathing and joists will 
be inclined so that they will not receive the full load, and the problem 
is to find the load for which they should be designed ; then the remaining 
calculations are as before. « 

When the spans are measured along the incline, the vertical load 
can be reduced by the ratio of the horizontal run to the inclined span 
of the stairs (which can be scaled or = V8'33* + 5*83*), or in this 
8 *’?^ 

case by - -- o-8i6. 

10*2 

Load to be used for designing is then 135 x o-8i6 = no lbs. sq. ft. 
To make use of Table i, deduct 75 lbs. for live load leaving 35 lbs. 
or the equivalent of a 3 in. slab, and span for i in. sheathing is 32J ins,, 
say, 33 in. 

The span of the joists will be 4 ft., and using 3 in. by 4 in. from for¬ 
mula 5, s ~ ^ 2 75 X 3 75 _ Therefore strength of sheath- 

no X 16 

ing governs spacing, which will be 33 m. 

Load carried to each ledger = no X 275 x 2 = 605 lbs. 

From I'able 5, for 605 lbs. at 33 in. centre to centre a 2 in. by 6 in. 
will span 6 ft., which will be the .spacing of the posts. However, with 
one i>ost at the centre the span will only be 5 ft., and 3 in. by 4 in. ledgers 
can be used. 

Posts should be at right angles to the slab, or if they are placed ver¬ 
tical they should be well braced and prevented from kicking over at 
the top. 

If it is desired to run the joists longitudinally without using ledgers 

the span will be 10 ft. and for s = 24 in., 24 = and bd^ ~ 163, 

no X 100 

or 2 in. by 8 in. is required. 

Posts can be 3 in. by 4 in. 



CHAPTER VI. ' ■ 

^ 

DETAIL CONSTRUCTION OF FOOTING FORMSp ^ 

In previous chapters we have considered the questions of loads and 
stresses and the method of calculating and choosing the correct timber 
sizes and spacing in order safely to carry the loads. 

We now come to the practical details of assembling and erecting the 
forms for the various members that constitute a reinforced concrete 
structure. The methods that will be described arc, of course, not the 
only ones, but they are the results of years of development and have 
become recognised as standards and are u.setl by the majority of large 
concrete contracting firms. , 

The two main thoughts governing the methods of construction arc (i) 
ease of stripping, and (2) unit construction. 

The method of stripping, although it is the last operation, is the 
first consideration, since that is where time and money can be saved 
in both labour and material. 

By unit construction is meant the building up of complete units, such 
as beam and column sides, wall and slab panels, etc., at the bench away 
from the points of erection, ready for erection as required. By this 
means most of the carpenter work is done under the best conditions 
with the aid of a power saw, leaving little to be done on the job where 
working conditions are not so good except the fitting together of the 
various units. Also, the building of the units can be started in advance 
of the date they will be required, so that theri; will be no delay in opera¬ 
tions. Of course on a small job, where the form.s will only be used once, 
it may often be more economical to build and erect the forms at the 
same time at the place where they are required. 

Estimating Cost. —This subject would fill a book itself, and only 
sufficient information can be given to form a general guide and to illustrate 
a satisfactory method of estimating. Labour cost varies greatly, but 
for an average size job, using the methods of construction given here 
and with good organisation, the figures should not vary much from those 
given. Small jobs will cost more and large jobs less, as they can be 
better organised. 

Each contractor should keep his own costs on performing different 
operations. This is easily done by*having the timekeeper, or preferably 
the carpenter foreman, report at the end of each day the number of 
hoars spent cm all the operations, and at the end of each week or month 
the' work done is measured up and the cost calculated. 
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It is convenient to have a unit of measure for timber regardless of its 
size, and to apply an average cost per unit. This unit will be the cubic 
foot, and the amount of timber required to build any forms will be 
expressed in the number of cubic feet required per square foot of contact 
with the concrete, allowing for matching, waste, cleats, etc. Note it 
is the contact area that is measured and not that of the forms, since the 
first is definite and can be taken from the plans. 

The amount of timber required per square foot does not vary much 
with the size of a member, so that the average value can be applied to 
all similar members regardless of their .size. This amount will consist 
of about I part of sheathing to i to parts of timber, which determines 
the average cost per unit. 

Labour cost is best calculated from the number of man-hours required 
to build the various kinds of forms and applying the current labour scale 
for carpenters and labourers. The number of man-hours must be divided 
between carpenters and labourers, and will vary in different parts of the 
country according to the rules of the trade unions. It will be assumed 
that the labourers will do all carrying and handling of timber, help in 
erection, and do most of the stripping. Timber piles will be assumed to 
be within 200 ft. of the place of assembly. 

Wall Footing Forms (Fig, 8).—^These are the simplest of all forms to 
build, being merely a heavy plank or light built-up panel set to line and 
staked in position. 

Old timber, if available, is usually used, old 12 in. plank (or less) 
is very suitable for depths less than 12 in. One side should be set to 
line and held with stakes, about G ft. apart, the other side being set from 
this by I in. by 4 in. spreaders, cut to the width of the footing and knocked 
out as concreting reaches them. New planks should not be used for this 
purpose. 

For deeper footings up to 2 ft. 6 in., which is about the maximum, 
the sides can be made of i-in. timber built into panels about 8 ft. long, 
wilh battens 2 ft. on centres to hold the boards together. For heights 
up to 18 in. use i in. by 4 in. battens nailed on fiat; for heights from 18 
in. to 30 in. use 2 in. by 4 in. battens nailed on flat. The panels can then 
be held to line by 2 in. by 4 in. v»ales top and bottom, which can be 
braced back to stakes or the sides of the trench about every 6 ft. 

The side panels need not be the exact depth of the footing, but should 
be as.much greater as is necessary wnithout sawing the boards. To space 
and line one side from the other i in. by 4 in. spreaders are used. Some¬ 
times the trench is backfilled against the feu-ms, which saves the bracing 
although it increases the cost of stripping. The forms can be stripped 
after a few hours and moved forward. 

Column Footing Forays.—There are three standard types of column 
or pier footings: the square or rectangular footing, the stepped footing, 
and the sloping side footing, the two latter being variations of the former 
in order to save concrete. They are all built in a similar manner of i in. 
tongued and grooved sheathing d^ted together, the four ddes being 
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built as units, assembled at the place of erection, and fastened together. 
Qeats or battens should be 24 in. apart, and the size depends on the* 
depth of the footing, using i in. by 4 in. up to 18 in. deep ; a in. by 4 in. 
for depths from 18 in. to 30 in.; and 2 in. by 4 in. on edge for depths 
from 30 in. to 48 in. 

Square or Rectangular Footings {Fig, 9) —^Thcrc arc two ends 
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and two sides, and the ends arc the short sides of rectangular footings. 
The ends are built to the exact dimension (A) of the footing, with a cleat 
each end on the outside placed a distance from the ends of the sheathing 
equal to the depth of the cleat used with a .slight allowance for clearance; 
that is, if the cleats are 2 in. by 4 in. dressed the cleats on the ends will be 
2 in. from the ends of the sheathing. The two sides are built about 12 in. 
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longer than the dimension of the footing, although all the boards need 
not necessarily be sawn to the same length, and are deated each end on 
the inside, the distance between deats being the dimension (B) + twice 
the thickness of the sheathing, using the dressed thickness. 

One or two intermediate outside deats will be necessary on sides 
and ends, so that the distance between deats is not over 24 in. The size 
of the deats will depend on the depth of the footing, as above. 

The side and end panels should be made up on the bench, with holes 
bored for the wires if they are used, all ready to be cairied to the place 
of erection when required. 

The four panels are assembled by butting the end panels against the 
end cleats on the sides. If they are to be used only once or twice the 
panels can be nailed together through the cleats; if this met]iod is 
followed the end cleats on the end panels are sometimes omitted, except 
one deat at the corner which is to be opened for .stripping. This corner 
is nailed together from the outside with long .spikes through both cleats, 
and to strip only this corner is opened sufiiciently far to enable the form 
to be removed as a whole. 

This cannot be done successfully with very large forms or when the 
forms are to be used several times over, in which cases the paftels should 
not be nailed together. The corners should be braced back to stakes 
or to the side of the excavation as in Fig. 8, bracing only, being required 
on the sides. The intermediate bracing can be done in the same way, 
or opposite deats can be wired together as in Fig. 9. The wires should 
be placed about a third of the way up and should consi^st of a double 
strand of No. 9 or 10 wire, and if the footing is over 3 ft. deep two double 
strands should be used. The corners can also be held by wiring together 
the end cleats on the sides, and no exterior bracing need be used. When 
wires are used the reinforcing steel must be placed before the wires. 

No labour should be spent in cutting the panels to the exact depth ; 
full width boards should be used, and a nail driven in the side to show 
the depth of the footing. • 

Stepped Footings (Fig. 10).—To save ebnerete a deep footing is 
often built in two or three steps of decreasing size. Each step will be 
similar to the form for a square or rectangular footing de.scribed above, the 
only point to note being the method of placing and supporting the succes¬ 
sive forms. 

The largest and lowest form is placed first, and usually filled and the 
concrete allowed to set a little before placing the next form. The upper 
form can then be held by placing a 2 in. by 4 in. on each side, nailed on 
to the top of the sides of the lower form. 

If it is desired to pour all the steps together, the space between the 
different forms must be sheathed over with a top form to prevent the 
concrete from overflowing. This ^op form .shown in dotted lines in 
Fig. 10; it is built out of two boards cleated together and held down by 
cleats to the 2 in. by 4 in. As there will be considerable upward pressure 
on the top form it should be well weighted down. 
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Sloping Side Footings {Fig. 11 ). —Footings with four sloping side.s 
are built in the same manner as when the skit's are straight. The two 
ends are cut to the exact dimensions of the footing, first laying out 
boards of approximately equa^ length, then marking out the slope lines, 
putting on the cleats, and sawing through on these lines. The two sides 
should not be cut to the slope, as this is unnecessary, but the boards can 
be left of random lengths. Two inside end cleats are naileil on parallel 
to the slope, allowing a clearance each end from thi* exact dimension 
of the side equal to the thickness of the sheathing. * 

The sloping box is always .set on a shallow straight box of the same 
bottom diriK'nsions Tlie straight box is set first on the ground, securely 
braced, often by backitlling around it, by wires or by braces to stakes. 
The reinforcing .stei'l is placed and the sloping form set on top of the 
box. Its alignment will be fixed by that of the stiaight form, the cleats 
on wiiich should e.xtemi a little above tlu* sheathing to hold the sloping 
form. 

It Is Very inqiortant that the form be i>ri venti(l from lifting due to 
the ])ressure of concrete on the sloping sales; considerable trouble 
will ensue if this is neglecti'd To jirevenl this uplift wire or 
wires can be c'lnbi'dch-d in the centre of th<* lowei portion, fastened to a 
spike in the piles if pifi-s an* iisi'd, or to the reinforcing .steel if heavy 
enough to resist the uplift, and twisting the loosi* ends around a 3 in. by 
4 in. across the top of the form. \ few bags of sand 01 cement or heavy 
stones jilaced on tin* sides will answ'i*r the same jiiiipose, or if the 
ground is firm and dry a 2 m by 4 in. can lx* naih-d halfwaj* up the form 
on each .side, nailing the ends to stakes in the ground- -stakes will not 
hold in .soft ground. 

It w'ill be neci'ssary to calculate the height to biiihl the .sides and 
ends, iis only the top and bottom dimensions and the height of the 
footing will be given. It can easily be found by laying out two 
opposite cro.ss .sections of the footing and measuring the length of the 
sloping sides, th<*se lf*ngths w'lll he the heights ^o build the panels. Tile 
sides should not be built the exact heights, but whatever the boards 
give without sawing, and the height of the concrete marked by a 
nail. • 

Alignment of Footing Forms. —A mason’s line or fine wire should 
be stretched taut along the centre line of the footings, attached to stakes 
preferably outside the building. The spacing of the footings can then 
be measured off, tying on a piece of line at each centre, or preferably, 
if there are a large number of footings, by stretching a similar line through 
at right angles. Across the top of the form nail a i in. by 2 in., mark 
off the centre line and the centre on it, and adjust the form until these 
marks coincide with the lines above. 

Cost of Footings.-— The amoust of timb(.*r niquircd is the first 
consideration. There arc usually several footings alike, and in an ordin¬ 
ary building only a few different sizes, so that it is only necessary to 
build forms for a portion of the footings and reuse them, the number 

F 
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dfpencling on the speed required and the number of different sizes. Foot¬ 
ings can l)e stripped the day after they are poured. 

When th<’rc are several similar-shape footings differing only in size, 
if th(‘ forms are made up for the largest,they can easily be reduced for 
the smaller sizes by sawing a strip off each end panel and putting new 
stop cleats on the side panels. Most forms can be used three or four 
times over without any loss in time. 

Allow Jth cubic foot of timbcT per square foot of contact area of all 
the footings and divide this amount by throe or four according to the 
number of times they are to be u.sed over, or if the sizes differ considerably 
base this amount on .so many of the largest sizes. 

To make up panels, erect, and strip loo .sq. ft. of forms will require : 
For making up, 3 hours carpenter tune and hours labourer time ; for 
carrying to plact* and erection, 2 hours carpenter time and 2 hours labourer 
time ; for stripping, 3 hours for either carpenter or labourer, usually 
labourers. 

Cost per 100 .s<j. ft. if used once - 5 hrs. carpenter ,gt. 

6J hrs. laliourer ;it. 


Timber (used once 


100 
”6 ’ 


say, 17 cu. ft. at. 


The labour cost is based on the total area in contact. 

If the'forms are used more than once the cost of making up the panels 
Is divided by the number of times usetl and added to the cost of stripping 
and erecting. 

Cost per" 100 sq. ft. if used 4 times --- 2| his carpenter at. 

51 hrs. labourer at. 


Timber used 4 times 


100 


, .say, 4i cu. ft. at.... 


Note for American Riuders .—Whenever under the heading of 
“Cost " the quantity of timbei required is given in “cubic feet," this 
can lx* converted into equivalent board measure by multiplying the 
quantity by 12—thu.s, 17 cu. ft. 204 board feet. 
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should stop there and the concrete allowed to settle before pouring {he 
beams and slab so that there will be no shrinkage cracks between the top 
of the column and bottom of the beams. 

To facilitate making all measurements and to avoid mistakes in measur¬ 
ing, a " measuring stick ’’ is very useful. This stick is cut the full height 
from floor to floor, and on it successively from the top arc marked out 
the slab thickness, floor sheathing, beam bottom, girder bottom, yoke 
spacing, and a mark 12 in up from the bottom. This stick is marked out 
by the foreman and is used both in assembling the panels an (5 in erection : 
it ensures uniformity m measurements, saves the carpenter's time in 
using a rule, and also Ifrevonts his mistakes. 

The two (‘nds arc built in width equal to the dimension of the column 
plus twice the thickness of the .sheathing, the ends of the yokes and sheath¬ 
ing being flush. 

The yokes are first cut to length and laid out on a table at the desired 
spacing (with the stick) ; thi n the end board is nailed on at the required 
distance from the end of the yokes and the remaining boards, except 
the last one, are clamped tight against the first and nailed ; measure¬ 
ment is then made to determine the width of the last lioarck which is 
then sawn and nailed on. To obtain a good finished surface it is essential 
that the boards be drawn up tight before nailing. 

The two side panels are similarly madt‘ up, but the width of the 
sheathing will be the same as the dimension of the column, and the 
yokes will project 8 in. to 10 in. beyond the sheathing at each end The 
])anels should be made up an inch or two longer at the bdttoin to allow 
for adjustment due to unevenness and variations in floor level. 

The spacing of the yok« s must be alike on both ends and .sides. Holt 
holes arc bored in the side yokes about J in. larger than the size of bolt, and 
the spacing is calculated from the size of column and timbers used, allowing 
about in. for the wedges. If there is a boring attachment on the 
machine saw the holgs should Ix' bored before the sheathing is attached 
to the yokes. On a large job each operation ^should be the work of one 
man or group of men—sawing and boring the yokes, sawing the sheath¬ 
ing, nailing to the yokes—thereby saving much waste labour, all carrying 
of timber to the carpenters being dbnc by labourers. 

The panels are stacked up ready to be carried into place as required, 
and they should be oiled at this time .so they will not swell and warp if 
left long in the rain and sun before being used. 

Column Heads. —In mushroom slab constniction there arc no 
beams and the column will finish off with a splay cap independent of 
the column, so that the height of the column will be mea.surcd to the 
bottom of the cap and the head of the column will be cut off square, 
all panels being of the same length (Fig. 12 (a )). 

In other types of construction Acre will be Ixrams framing into the 
head, and the head can either be formed as a .separate unit or as part of 
the column form. Jn the former method (Fig. 12 (g)) all the panels arc 
stopped off at the bottom of the beams framing into them—^these may be 
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of different heights—and framing the head of the column from the 
bottom of the beams to the underside of the slab separately from the 
column. The length of each panel will be measured to the underside 
of the beam, allowing or not for the thickners of the beam bottom, as will 
be seen later. 

There are several advantages in this method, such as ea.se of stripping 
since the column head is not part of the column form ; reduction of panel 
width on upi)cr floors need only be made on one side of the panel instead 
of both ; and there is no risk of the openings for the beams being cut 
to the wrong size, since the head will be formed after the beam bottom 
is in place. 

The head is formed by building four corners of sheathing, nailing each 
corner together, and clcating them on to the column sheathing. They will 
l)c held on th»‘ sides by the beam sides, and at the top by the floor sheath¬ 
ing. and as an additional brace a i in. by 6 in. is nailed diagonally across 
the comer from beam side to beam side. In stripping, the cleats are 
knocked off and the head remains m place while the panels are stripped. 

If the column reduces on upper floors half the reduction is .sawn 
off each leg of the corner. 

When the head i.s an integral part of the column form the opKming.s 
for the beams are cut in the panels at the time they arc being made up. 
The opening for a particular .size beam should never be the exact dimen¬ 
sions of the beam but always greater, otherwise when the beam sides give 
slightly under the pressure of the concrete it will be found that the edges 
of the opening's in the panels will be eml>edded in the concrete and it will 
be impossible to strip them. For the same reason the beam sides should 
not be brought flush with the inside of the column sheathing, as in this 
case the ends of the beam sides will be embedded in the concrete. 

One method {Fig. 12 (6)) is to make the opening J in. to | in. larger 
all around than the size of the beam, and bevel the side and bottom edges 
in.wards at about 45 degrees. The beam bottom apd sides will butt up 
against the column sheathing, and the J-in. clearance will allow for the 
“ give ” in the forms. 

Another method {Fig. 12 {()) is tt) increase the opening by the thick¬ 
ness of the beam sides and bottont and to nail 2 in. by 2 in. cleats all 
round flush with the opening. 

The main thoughts to bear in mind when building the column head 
arc ease of stripping and allowance for " give ” in the forms. 

Erection.—If the forms are not too high and heavy, panels can be 
assembled and bolted up near where they are to be erected and then lifted 
into place as a unit, this is better than erecting each panel scparaldy 
and will save some temporary bracing. The column reinforcing is built 
up into a unit on the floor above and dropped into the column form. 
If, however, the forms are heav'y or^ave to ^ lifted high over the rein¬ 
forcing stwl from the column btdow, then each panel must be erected 
separately. 

Since there is often an inch or so variation in the level of the concrete 
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at the different columns, especially ivhen the finished floor is put on alter* 
wards, a mark should be given with the instrument on the projecting 
column or footing steel at, say, 12 in. above the finished floor line, other¬ 
wise unevenness or a mistake ^t one point may be carried up throughout 
the building. This mark is compared with the mark on the measuring 
stick, which is also 12 in. up from the floor, and gives the amount to saw 
off the bottom of the column form before erecting it. 

When the form is in place and the bolts tightened, two wedges, 
preferably hardwood, cut out of 2 in. by 4 in. about 6 in. lon^, are driven 
in on each end between the bolts and yokes to bring the ends up tight 
against the side sheathing. 

The use of bolts and washers for tying the panels together is considered 
standard practice, although there arc some e.vccllont patent clamps on 
the market, which will be mentioned later. Holts and washers are cheap 
and can be purchased anywhere, and they are more adaptable to different 
conditions than other forms of ties and cl.imps The standard size 
is t in. diameter bolt with 3 in. s<|uare by ^ in, thick wrought-iron 
washer. 

Alignment and Bracing.—It is ustial to set exterior •columns 
first accurately and locate the others from tln‘s(‘, working towards the 
centre of the building. After the «‘Xterior column forms arc .set the girder 
bottoms are nailed on from these to the first row of interior columns, 
not driving home the; nails. This is done in both directions and sc'rves 
to brace the fonns find set thi'in very closely to their correct position. 
To get the exact positions the measurements .ire made with a steel tape 
along the girder bottoms, .starting from the building line. This will fix 
the top of the columns exactly, and they must th«*n be plumbed by sus¬ 
pending a plumb-bob, say, 6 in. out from the sheathing and measuring 
from this to the .sheathing fit the Inittorn. If for any reason the interior 
forms must be sc‘t first they must be temporarily braced; this can be 
done by the method described for rectangular columns. 

Changing Height of Forms. —When re-using a form it may lx: neces¬ 
sary to increase its height. This should be done at the bottom, because 
the pressure there will be greater, requiring a closer spacing of yokes, 
and also to avoid changing the head* if it is part of the column form. 

The first extension yoke is put on the bottom of the panids so that the 
end of the sheathing comes half-way on the yoke andt he joint in the 
sheathing at the centre of the yoke. To increase the stiffness at the 
joint vertical 3 in. by 4 in.'s long enough to cover four yokes can be 
bolted S3mimetrically across the splice, two to each side, using the yoke 
bolts {Fig. 12 {d)). 

To decrease the height it is only necessary to saw off a length at the 
bottom of the form, but if this leaves the lojvest yoke too high up an 
additional yoke must be added abiiut 4 in. up from the bottom. 

Rft-erection and Reducing Forms.—When using forms again on 
upper floors it is generally necessary to reduce their size. The column 
nuinber should be marked on the panels as a means of identification. 
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After the forms are stripped the panels are carried to the building line 
and raised to the floor above and placed in their proper location. 

If the head is part of the column form the reduction of each panel must 
be made symmetrically about the centre line, otherwise the beams will be 
off centre. The two ends are reduced by .siiwing off a strip from each end 
of the panel equal to half the total reduction, sawing through both 
sheathing and yokes. The two side panels are reduced by taking off 
the two outside boards, one on each end, and replacing them by narrower 
boards. It is good practice to allow for successive reductions at the time 
of making up the side panels by having the end boards of widths equal to 
the successive reductions ; it is then only necessary to take off the two 
outside boards at each reduction {Fig. 12 (/) ). 

New bolt holes will be necessary, spaced from the old ones a distance 
I'aeh <Mul equal to half the reduction. It is best to bore all the holes 
that will be required when the panels are made up. If there are only 
two storu's and one reduction to make, two 2 in. by 4 in , or whatever the 
reduction requires, can bo placet! \’ertically against the t'lid panels lictween 
the bolts and yokes and the bolts wedgetl tight against them. 

If tho«head is independent of the column, or if tluTc are no beams 
framing into the column, the wholt' reduction can be made on one end 
of the panels. 

Corner Moulds. —Sharj) corners an* easily broken when stripping, 
so it is always advisable to use a triangular bevel strip in the corners ; 
the.se should be nailed to the sides, not the ends {Fig. 12 {a)). A rounded 
corner moukHooks well but is much more exjx'nsive ; if list'd it .should be 
a part of the I'ntl panel sheathing, the wedges bringing it tight against the 
side sheathing. 

Glean-out Holes. —A column form is a convenient receptacle for 
all the .shavings and refuse on the floor, so some provision must be made 
in all forms for cleaning out the form through a hole at the bottom. 
This detail must be decided upon and built into the panels when they are 
made up. The hole .should be about 12 in square, dependhig on the size 
of the column. 

There are two common methods of framing this detail. In the first 
method the hole is cut out of the sheathing and the loose piece nailed on 
again with battens, leaving the nails projecting The tongues are cut off 
so that the loose piece can be slipped back easily, and a long nail should 
be driven into the batten to form a handle. When ready to clean out the 
column the loo.se piece is slipjx'd of! and nailed on to the form to prevent 
it being lost; it is easily put back again. 

The other method is to cut out the hole in the sheathing and nail 
the lowest yoke to the loose piece only, and not to the adjacent boards. 
A batten across the loose piece will hold it in place until it is required 
to move it, when the loose piece ifhd yoke are taken off {Fig. la {e)\. 

Cleaning should be done by a steam or water hose from above. 

Rectangular Column Forms {Fig. 13).—^These are usually exterior 
columns, the long side being parallel to the building line and remaining 
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outside panel will overhang the column below, and the whole form must 
be carefully braced to prevent tipping over. 

The outside panel should be 3 in. longer at the bottom than the 
inside panel so that it will lap over the column below, and at the top 
it must reacli to the top of the floor slab. The inside panel will be the 
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same as for an interior column. The two end panels will have the wall 
beams framing into th^, and the sheathing on the outside of the beam 
must reach to the top of the slab and on the inside to underneath the 
slab sheathing, unless the h«ad is independent. 

For the first story, if the column starts from a footing, the Election 
will be the same as for an interior column, but if it starts flush wifli a 
foundation wall, and for all upper stories, special means must be used 
to hold the outside panel in place. If it starts from a footing the column 
will generally be longer than required for tin* next flewr, so Wlieii reducing 
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the outside panel is left 3 in. longer than the others; xf it start.s from 
a wall this panel is originally made up 3 in. longer. 

The outside panel is first erected, and -since it will project beyohd 
the edge of the slab it must be supported at the bottom until the other 
panels are erected and Iwltcd up. This support is provided by embedding 
two f in. stud bolts 12 in. long, threaded each end in thi; concrete, about 
6 in. below the top of the wall or column Ixelow at the time it is poured. 
The ':oIts will project from the concrete 6 in. to 8 in. (with a nut on the 
end in the concrete) and must be well greased or oiled. The distance 
apart pi the bolts will be about 12 in. lc.ss than the width of the column. 
Over each bolt is slipped a piece of 4 in. by 4 in. abfiut 8 in. to 12 in. 
long, with a notch cut down one side so that the bottom of the notch 
will be 3 in. below the top of the column. The depth of the notch should 
be the thickness of the column sheathing kyss J in. The outside panel 
is slipped into these notches, and Vlien the 4 in. by 4 in.'s are bolted 
up the bottom will be securely held and the panel drawn tight against 
the concrete. With very wide panels, say, 3 ft. or more, to be sure 
that the whole panel is ^awn tight gainst the concrete a 2 in. by 4 in. 
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is placed between the notch and slieathing; the depth of the notch 
will then be J in. les.s than the combined lhickne.ss of the i in. by 4 in. 
and sheathing. 

Before the jianel is en'cted a 2 in. or 3 in. by 4 in. i.s nailed on to the 
end of a yoke near the top, one on each end, and the ixincl is held by 
these braces w'hile Ixing put in place. When the panel is plumbed the 
other ends of these braces are nailed to wooden blocks, fastenc'd to the 
floor, cither to the top or side of the block. Provision should always 
be made w’hen pouring the floor to provkh* mi*an.s for holding these 
blocks. It IS Ixj-st done b)’ leaving stiitl bolts at the required places 
in the concrete, with nut dow'ii, and well greased and projecting 6 in. 
above the floor. Over the.«.e bolts .short pieces of 3 in. or 4 in. by 4 in. 
can be slipjx'd and the nuts screwvd tight , a w'cdge driven in lietwecn 
the timber and the floor will prevent it turning. 

Another method is to twist some wires around the reinforcing steel 
and leave the ends projecting to lx‘ twisted around the 4 in. by 4 in. 
Any Stud bolts left in the concri’te, either in floors or columns, if well 
greased, arc easily twisted out when linislu-d with and the holi's filled 
with mortar .so that they will not show. ^ 

When the out.side i>anel is plumbed and biaced the tw'o end panels 
and the interior side jianel an* i recti-d and all bolted uj). Two-inch 
by 4 in. or 6 in. braces, depending on the <Uplh of yoke, should 
extend from column to column along the outside to keep the forms in 
line in that direction. 

The outside panel of the column head must next bdk braced, .sinci- 
there is no beam entering it. The top pair of yok<-s that can be Ixilted 
together will be below the deepest beam framing into the head, and 
since there will be one outside yoke above these it must be supported 
by other means. This is done by bolting to the top pair of bolts two 
vertical pieces of 4 in. by 4 in. long enough to bear on the three top 
yokes. Instead of u.sing the yoke bolls tw'o short bolts can be used, 
one on each end, rna*king this yoke about a foot longer to allow for thefli; 
by this means when stripping the form the two vertical pieces will always 
be attached to the panel and so will not become lost. This same method 
is used for interior columns when ose panel of the head is unsupported, 
and can be used for end panels by placing the vertical jucces between 
the wedges and the yokes. 

It is usually necessary to attach steel sashes to exterior columns, 
and to do this a slot must be left in the side of the column into which 
the sash is slipjied and grouted. These slots are made by nailing a 2 in. 
by 4 in., bevelled at 45 degrees on the inside edge, to the end panels 
for the full height of the sash. It may be necessary to bond a partition 
wall into the column, in which case a similar 2 in. by 4 in., but bevelled on 
each edge, is nailed to the column f*rm on the centre line of the partition. 

L-shape Columns {Figs. 14 and 15).—^These are almost always 
comer columns. If the difference in width between the short and long 
sides is not over 12 in. it is best to build up a square column form with 
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sides equal to the long side and then block out for the “ L *’ in one (wrner. 
The corner piecti is made by nailing sheathing on to 2 in. timber spaced 
the same distances apart as the yokes. It is built as a unit and then 
nailed to one side panel. 

Comer columns arc often very large* for architectural effect, and 
another method must then be used. There will be six panels to a com¬ 
plete form, the yokes being spaced similarly on each. The yokes cm 
the two long and two short sides are notched over each other at the 
corners, those on the long sides overlapping, with a short piece of i in. 
by 6 in. nailed over the joint. The two ends arc built and bolted in 
the ordinary way. As the sides will be long, one or two intermediate 
bolts will be necessiiry. These bolts should pass through vertical 4 in. 
by 4 m. or 6 in.’s outside the yokes to .stiffen the form, one of them being 
at th(‘ inshie corner. 1'he panels with the notches cut in the top of 
the yokes must, of course, be erected first. The panels are supported 
and braced in the .same manner as rectangular columns, only on two 
faces instead of oiu*. 

Octagonal Columns {Fig. 20) —An octagonal form is a modifica¬ 
tion of a^form for a .square column. 

Four panels are made up as for a squaie column, but the sheathing 
need only be 4 in. wider than the side of the octagon, except that at 
each side yoke the sheathing is blocked out with spacers to make the 
total width eipial the diameter of the column plus twice the thickness 
of the .sheathing in order to give bearing for the end yokes. The remaining 
four .sides artbsingle boards of the required width or two or more boards 
cleated together, with the sides Ix'velled at 45 degrees. The loose .sides 
are then nailed in place at the yokes just sufficiently to keep them in 
place. The side of an octagon is 0*414 times the diameter. 

To reduce the form it is nece.ssary to saw a strip off one edge of the 
loose sides and both ends of the end panel yokes and to reduce the 
width of the spacers. 

• The head of an octagonal column is often squareto receive the beams. 
In this case the head is fully sheathed as for a square column and the 
four corners are filled in with pieces of .sheathing, or, if small, with solid 
pieces cut to fit {Fig. 19) « 

Round Columns {Fig. 21)?—Wooden forms for round columns are 
seldom used unless there arc only a few columns, since steel forms, 
w’hich can often be rented, are cheaper. 

In order to be able to strip easily and to use the forms over again 
the following method can be used. The yokes are cut out of 2 in. timber, 
the width of the boards depending on the diameter of the column; a 
minimum of 2 in. should be left after cutting out the circle.. The 3mkes 
are cut as in Fig. 21, the diameter being the diameter of the column 
plus twice tlie thickness of the sheaithing. The joints in the yokes are 
made on two diameters at right angles; two opposite joints are nailed 
together with i in. cleats and the pair at right angles are bolted together, 
notches being cut in the yokes so that the bolts will have square bearings. 
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There should be at least J in. clearance at the bolted joints so that the 
joints can be drawn tight. 

I'he sheathing will have to be stave-shaped to the desired radius unless 
tlie column is very large, when i in. by 4 in.’s can be bent around the 
circle and any sharp edges afterwards rubbed off. The spacing of the 
yokes will depend on the safe .span of the .sheathing, which can be obtained 
from the tables. 

Instead of the two butt joints and battens, a joint with less strength, 
but .sufficiently .strong for small columns, is made by overlapping the 
yokes and .securely nailing them together. If the form is only to be 
used once the bolts can be dispensed with and all joints made butt or 
overlapping. These forms cannot be reduced without making new 
yokes* new .staves will not be necessary unless the reduction is very 
large. 

Very High Columns.—Columns of more than the ordinary heights 
up to 12 ft. should be braced or stiffeni'd at intermediat(‘ iioints to giv<‘ 
them .sufficient rigidity. Long outsidt* columns should have vertical 
3 in. by 4 in.'s on the out.side yokes, the bolts being long enough to pass 
thiough yiem. Inside columns can be stifiened 111 the same way or 
by diagonal braces. 

Stripping Forms.—Columns are stripped from two to three days 
after pouiing. The concrete should be sufficiently hard so that the 
coiners will not be broken off in stiipping, but should not be .so hard 
that it cannot easily be rubbed sinootli. 'J'hc common test is to .strip 
when the finger-iuul will not dent the concrete, or W'hen the concrete 
rings to a blow of a hammer. 

'I'o strip, remove the wedgi'S first, then the bolts, and pry out the 
bottom of the side panels until they are free of the beams, when they 
can Ix' let down. Stripping .should not start at the toj) of the column 
but at the bottom. \\’herever possible piy on timber and not on concrete. 

Brackets (Fig. 22).—Brackets are often built as an integral part 
of the column form, as in luushioom slab constructioh, and when brackets 
are required to carry a crane girder. Tw'o methods of construction are 
.sliown ill Fig. 12 ; (a) is more .suitable for small brackets and {b) for larger 
brackets the width ot the column. 

In (fl) the bottom is carried on 2 in. by 4 in.'s nailed to the sides, 
which arc nailed to the cleats around the opening. The sides must be 
held by a lx>lt or wirt‘ to prevent spreading. 

In {b) the sides are cut to the slope, with 2 in. by 4 in.'s nailed along 
the top and slope. The bottom is a separate panel of sheathing nailed 
to a 2 in. by 4 in. at the bottom, w'hich is wedged up from the yoke against 
the sides, and to a 3 in. by 4 in. at the top, which is supported by a post 
at each end or bolted through to the column yoke at the back. The 
posts may be earned on a yoke, m which case they should be braced 
from the side forms. If there is a double bracket the 3 in. by 4 in.'s 
at the top are bolted together. Note that there should be | in. dearance 
between the bracket and column sheathing. 



COLUMNS. 8i 

Ck>st of Column Forms.— Column forms require o*2 to 0*3 cubic 
feet of timlxT ix‘r square foot of contact, and an average value can be 
\ised for estimating, fhe larger the column the less the timber required 
per sq. ft. It is u.suai to allow sufficient timber to form all the columns 
on the lowest floor and to use the forms again on the upjx‘r floors. The 
timber required will therefore be the .surface area of the low'est story 
columns multiplied by the above unit. If an iqiper story is higher than 
the lowest, this quantity sliouhl be multiplied by tlu' ratu) of the heights 
to allow for .splicing out. • 

The forms should be good for u.se at lea.st .six tunes, after which .some 
allowance should lx* made for leiU'W'als, .say, 15 pcT cent, per floor. 

Making up paneKs aiul erection will recjiiire alMiut i labourer to 2 
carpenters, and strqiping will r<*quire 2 labouiers to 1 car|)<Miter? Th(‘ 
stripping may be dom by l.ibomeis only, but a carpentc-r will take 
more care of tlie forms and it will pay to employ one. 

lo coinph te 100 sq ft of inti rior scjiiaie column tonus will require 
4 hours carjx-nteis’ time and 2 hours lalKUiriTs time making the panels ; 
«S hours car])enters’ time and 4 hours lalxmieis' time for election, align¬ 
ing, and plumbing , and li houis carpenters’ time and 3 hoursjaboureis’ 
time for striiqmig (’leaning t<»ims and hoisting to next floor will each 
require about I hour labouieis’ time 

Cost of 100 sij ft of forms, 1st eiirtion - 

iji houis rariu'iitiT at . 

9 ,, labonni at . 

Timbei, 100 *25 25 cii It. at . 

C«>st of too Mj. ft of forms, each fl<H)i above 

9I houis rarpeiitei at . 

9 ,, labourer at . 

No timlx'i will be required. 

Exterior column# will retpiire about 25 per cent, inoie time to ereot. 

Octagonal columns W'lll cost about 50 ]Mf- cent, nioie tliaii Mpi.irc, 
and round columns about 100 per cent nion- per sq ft. 

Brackets will cost about so ner cent more ner sn. it. than .sauare 
columns. 
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WALL FORMS. 

Thk same general methods of construction will apply to any kind of 
wall and whatever th(‘ height and location, but it is convenient to con¬ 
sider separately basement and partition walls, low spandrel walls, very 
high walls or piers, retaining walls, and curved walls, as each kind will 
have a few distinctive features. 

The first thoughts will be whether to build the forms in place, assembling 
and erection being done in one operation, or in panels where assembly 
is done at a central point and -only erection is done in place; whether 
to build sufficient forms for the w'hole wall, or to use the forms a number 
of times over, and in the latter case whether to raise the forms vertically 
or to move them horizontally These questions have to be decided for 
each individual job, but a few general statements can be made. 

It is always well to build sufficient forms for one full day’s pour, say, 
from 40 cu. yds. up, depending iqion the size of the mixer. If a wall can 
be poured in fj hours there will be at least i hour each day left, most 
of which lime will be wasted as the last hour cannot be used efficiently. 

On a large job it will probabl)* be necessary to build sufficient forms 
for two or three days’ pour so that the carpenters can always keep ahead 
of the concreting gang , in this case the forms should be made up in 
panels for quick stnjiping and erection 

Small walls that can be poured in one or two days are generally 
cheaper formed in place, as panel forms will only save money when they 
can be used Several times. 

Forms for spandrel walls up to sill line can be used several times, and 
so they should be made up in parels. 

Basement walls and any walls up to about 12 ft. high are generally 
formed the full height. Above this height they become unwieldy and 
more difficult to brace, and so are sometimes formed halfway up and 
the forms raised \'ertically. It is easier, however, to make a good vertical 
joint than a good horizontal joint; and cheaper in labour to move formis 
horizontally than vertically whenever possible, since they are easier to 
handle. Also, structurally a vertical joint is better than a horizontal 
one. Very high walls, gravity retaining walls, piers and dams are often 
built with panel forms 6 ft. to 10 ft. high, moved vertically. This isnot 
always permitted, however, for engineering reasons, and it is often 
necessary to form the wall the full height. 

Very high wall forms can be moved horizontally, but special handling 
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equipment is then necessary, and they are generally of steel, not timber. 
“ Moving," or " creeping," forms will be described in another chapter. 
For all walls built in place, and also for panels if nut used more than two 
or three times over, i-in. sheathing is thick enough. With several usages 
it will pay to use i^in. or i|-in. sheathing. If particularly good lines 
are required it is better to use the thicker sheathing. 

'Basement and Partition Walls. —^These will cover all ordinary 
walls in a building, w'hether in the foimdations or as psirtitions. They 
will be from 8 ft. to 12 ft. high, and 2-in. by 4-in. .studs are generally 
used at from 14 in. to 16 in. on centre with i-in. sheathing. 

Note from the design tables that the stud spacing depends upon the 
allowable span of the sheathing. For a wall 10 ft. high a 3-in. by 4-in. 
stud can only be spaced i in. farther apart than a 2 in. by 4 in. while 
the same number of wales or ties will be required, and so since a 3 in. 
by 4 in. will cost considerably more than a 2 in. by 4 in, there would 
ordinarily be no economy in using tlu* lieavier stud. However, if there 
are to be no exterior braces the heavier stud would lx* bett(‘r as it would 
give a stiffer form. 

Note also that the allowable span of the sheathing is bhsed on a 
deflection of J-in. When the deflection does not matter, as when a wall 
is covered up, the .studs may be spaced farther apart, but the ties should 
be closer. 

Studs need not be cut off at the top of the wall but can be used in 
random lengths to avoid waste In all form building an inexjxTienced 
man may sjx*nd a lot of money cutting up his material to*exact lengths 
resulting in neat but wasteful forms. 

If the form is to be built in place, which is the cheapt‘st method for 
small walls, it should be built as lightly as jiossible, consistent with 
strength. The number of nails used should be kept down to a minimum, 
just sufficient to keep the different members of the forms in place. Nails 
are seldom used for strength, and they increase the cost of stripping and 
lessen the salvage value of the timber. 

The studs are first set to line all the way through with a board nailed 
on top and bottom to hold them together, and temporarily braced with 
I-in. by 6-in. braces. Lines should\lways be set an inch or two away 
from the actual face of the wall so that the forms will not interfere with 
them. The lowest board should be n.iiled on level, otherwise the .sheath¬ 
ing will tend to run up or down hill, and if the foundation is stepped or 
uneven the special widths of boards are put on last, not first. The 
sheathing is nailed on lightly, breaking joints preferably at the studs 
and the tongue tapped well into the groove so as to get a tight form. 

If the wall is narrow and there is much reinforcing steel to place, 
one side should be completed first, plumbed und braced, and the other 
side set from this by means of z-in. by 2-in. spacers cut to the exact 
width of the wall. The spacers should be about 3 ft. apart vertically 
and at alternate rows of studs, and are knocked out as the concrete 
reaches them. If the wall is wide enough for a man to work inside to 
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place the steel both sides may l)e brought up together and less temporary 
I)racing will be required since the studs can be tied across at the top 
with short pieces of board. 

Only one side of a wall should be accurately set to line, plumbed, 
and braced, since the other side will be set automatically by the spacers. 
The side to set first depends usually on which is the most important 
face of the wall, generally the outside if exposed to view and the inside 
if below ground, also ease of bracing enters into consideration. A 
good deal of* time can be wasted in trying to set and plumb each side 
independently. 

When the form is completed the temporary braces should be replaced 
by 2-in. by 4-in. or 3-in. by 4-in. braces, as in Fig, 24, about 10 ft. apart, 
the distance depending mainly on how stiff the forms are built. If the 
wall is low, i-in. by 0 -in. braces will be sufficient, as in Fig. 23. Low 
and unimportant walls can be built without wales, but above 6 ft. high 
there is always danger of the form twisting and getting out of line from 
the impact of tlic con(Tet<* if wales are not used Also wales will transfer 
the jiressure from one stud to another if a tie 1 > loo.si* or breaks. Wales 
should only be nailed on sufficiently to hold them in place. 

When wales are used it is iiossible with care to do without exterior 
braces, even with very high walls, but a few are always advisable. The 
braces should be wedged against the wales, and are v*ery u.seful if the 
form begins to get out of line since the wedges can be loosened or tightened 
to bring the form to line again. 

The ties cfin be inserted before plumbing the forms but should not 
be tightened up until afterwards , if done beforehand some will become 
slack and others too tight and they will haw to be gone oveT again. 

Ties.^—^Whether to use wire ties 01 bolts is always an open question. 
I'br very accurate and important work bolts are undoubtedly better, 
but for ordinar>’ walls in buildings it is almost universal practice to use 
14’ires It is more a question of practical knowledge than theory whether 
w'ires are strong enough and how’ many should be used. It depends 
mainly on the temperature and the speed of pouring, since in warm 
weather and with slow pouring the concrete will set fast enough to 
.support itself to some extent cftid so relieve the pressure on the 
ties. 

If a wall 12 ft. high, for instance, is poured in 8 hours, at least 4 ft. 
to () ft. of it will be set .sufficiently by the time pouring is finished to 
.support itself and the wet concrete above to a large extent so that the 
pressure in the lower ties will be very much reduced from what it would 
lie if the wall were poured in 2 hours. It has been seen in the previous 
chapter, Design 13, that for a wall 8 ft. high two double strands of No. 9 
wire, or 4 wires, are required on the lowest wale, assuming maximum 
pressure. * 

In general, for walls up to 12 ft. high, with i-in. sheathing and every 
stud tied, two double strands of No. 9 wire should be used on wrales in 
the lower half of the wall and one double strand on wales in the uppier 
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half of the wall. With thicker sheathing, and when only alternate studs 
arc tied, bolts should be used and their size calculated. When wales 
are used the wires can pass around stud and wale or around the wale 
only. .The holes are bored from one side of the wall only, using an exten¬ 
sion bit to bore through the far side. ' 

The wires should be twisted up tight inside the wall, usually with 
the claw end of a hammer, but not so tight that they are on the verge 
of breaking, and there should be a spacer just above each wire to draw 
the forms up, against. The spacer should be above the wires, as they 
are commonly used for walking on and placing them above prevents 
walking on the wires. The wires should be hammered flat against the 
wales or studs, b(*fore tightening up, or wedges driven in after tightening, 
otherwise the slack will be taken up imder pressure and the form will 
give slightly. Two men should work together on the wires, one each 
side the wall. 

Bolts are not used with single studs and no wales, but if a stud is 
inad(‘ up of two pieces the bolt is placed between them, bearing on a 
.short j>iece of timber. When wales arc used the bolt is placed through 
the wale only, elo.se to the .stud, to save boring through the .stud. 

If a corftractor is doing a great deal of concrete work ho will generally 
iind plain round rods and patent clamp.s more economical than bolts, 
since a smaller size can be used in the first place and they can be ordered 
long enough so that they can b(' u.sed many times over in walls or columns. 
They are more easily drawn than bolts, and if they have to be left in 
the wall their loss is less. Bolts, to be adaptable, must have long threads, 
because of the different thicknesses of wall, or else several lengths must 
be carried, while rods 3 ft. or 4 ft long can be u.sed almost anywhere 
The initial cost of clamps, howewr, does not warrant their use unless 
they can be n.sed .several times over. 

Wires are cut off a little within the surface of the concrete, so that 
* they will be covered w'hen finishing and there will be no danger of rust 
spots. Bolts and rods arc more often drawn than left in, so they should 
be greased before pouring. They should be withdrawn within two days 
after pouring, before the concrete has set too hard to make it impossible 
or expensive. Rod pullers can he bought for this purpose. 

There are m^my devices, mostly patented, for enabling the ends of 
a tic to be unscrewed leaving the centre of the tie in the wall, and as 
their main advantage is that a hole is not left right through the wall 
it may be necessary to use them when a wall has to be absolutely water¬ 
tight. A simple device of this kind consists of a rod a little shorter 
than the width of the wall, threaded each end, and fitted with unions 
into whicli short pieces of rod are screwed. These end pieces are easily 
screwed out and the holes plugged {Fig, 29). To withdraw a bolt easily 
an iron pipe-sleeve a little shorter thi^p the width of the wall and fitted 
each end with a wooden washer can be slipped over the bolt. 

The disadvantage of special devices is t^t they generally have to 
be ordered for a certain width of wall and so are not adaptable and 
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also a part will be lost in the wall. A greased rod. and even an ungreased 
rod, will easily pull out of a green wall if given a twist to start it and 
can be used again many times. 

Panel Construction. —On a large job where wall forms can be used 
several times over it will be best to build them in panels. This ha.s 
also the advantage that the panels can be made up in advance, so saving 
time in erection. Their size will depend on the facilities for handling 
them ; 8 ft. by 10 ft. is a convenient size, weighing about 550 lbs., and 
can be handled by four to six men. 

Wales are generally put on during erection and the holes bored at 
that time, and the wales should be long enough to overlap the end stud 
of the adjoining panel. The ends of the sheathing must, of course, be 
cut off square; at one end of the panel there will bi* no stud, and at 
the other end the sheathing will fini.sh at the centre of the stud, so that 
the next panel can join on to the same stud {Ftg. 24), One side of the 
wall will be set to line first, plumbed, and braced. The spacers will be 
lightly tacked on to this form and the other side up-ended against the 
spacers, bolts or wires inserted and drawi up tight against the spacers. 

As these forms will have to withstand much more handling than when 
built in place, i|-in sheathing and 3-in or 4-in. by 4-in. studS arc better 
than the lighter sizt's. The studs in panel construction should preferably 
be of the same length as the height of the panel. Wall panels can some¬ 
times be used again in the floor con.struction, and can be built in the first 
place with that in mind. The panels .should be oil(*d Ix’fore being erected. 

Double Studs and Wales.—For light work some contractors use 
double studs consisting of two pieces of i jn. or i| in by 4*in. in.steadof a 
solid 2 in. by 4 in. The two pieces are .separated by i-iri. thick blocks 
about 3 ft. apart, forming a slot through which the bolt is pa.s.sed (Fig. 
28). A short piece of 2 in. by 4 in. must be .slippt'd over each i-nd of the 
bolt to give bearing for the washers. Wires cannot be used with double 
studs. The forms are made in panels, the sheathing being nailed together* 
with i-in. by 4-in.»battens at the same spacing as the studs, whicluin 
this case are not nailed to the sheathing. Thepanels are i rccted, plumbed, 
and braced, the holes Ixired, and the built-up studs placed in position 
and bolted up tight against the spacers, spacing the studs between the 
battens. 

Although there may l)e a small saving in timber cost, the labour will 
cost much more than with solid studs as there are so many more pieces 
to handle. There will also be less salvage with the lighter timber, so that 
using double studs is doubtful economy. There may be some economy, 
however, in using double wales, especially when a heavy .size is required, 
such as a 4 in. by 6 in., when two 2 in. by 6 in. may be much cheaper 
in material and the labour cost will be little more. The bolts, as before, 
are inserted between the two pi^es, and wood bearing blocks need not 
be used if the waling pieces are 2 in. thick or over {Fig. 29). 

Golttmn Offsets. —^Basement walls often have offsets where the 
columns are carried, or a thin partition wall may be poured with the 
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column giving a projection on each side. The first can be built as in 
30. The face of the projection has the sheathing extended to carry 
the stop battens to which the sides are nailed. 

In the second ca.se an ordinary column form is built with the end 
panels cut to leave an opening equal to the thickness of the wall plus 
twice the thickness of wall sheathing. The wall sheathing should stop 
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about i in. from the inside of the column sheathing, and should have 
bevelled edges to allow for give in the column forms (Ffg. 31). 

Bulkheads and Keys. —When pouring a wall in vertical sections a 
bulkhead has to be put in at the endtof each section and a key left for 
the new concrete. This is constructed as in Fig. 27, If the wall is 
wider than the allowable span of the sheathing a centre stud must be 
used and tied diagonally to the side studs or braced from the outside. 
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For a heavier wall a larger key should be made of i-in. boards nailed to 
i-in. blocks bevelled two sides {Fig. 27). 

Window Openings. —^Whcn there are basement windows in a wall 
a four-sided box is built the size of the window opening and nailed into 
the form {Fig. 26). For small walls the box usually consists of 2-in. 
plank, and for larger walls of i-in. sheathing, on 2-in. by 4-in. frames. 
Around the outside of the box must be lightly nailed a 2-in. by 4-in. 
nailing strip to which to nail the wood window frame, or if steel sashes 
are used to form a groove into which to grout the sash.^ With steel 
sashes the w'indow sills are usual!}' poured after the sashes are .set, so 
that the size of the box must include the d<‘pth of the sill. The nailing 
strip must be nailed on lightly so that it will n'lnain in the concrete 
after stripping the box. To make strij>ping easier the box is* often 
sawn through the middle of each side and the halves joined with battens, 
which are taken off Ix'fon* slrii)ping. 

Corner Bracing. -The weakest j)art of a wall form is usually at 
the corners ; there being no studs directly oi>])osil<‘ th<‘ corner one, tying 
or bracing this is ofti'n forgotten. W'ales should o\'erlap at the corners 
and be spiked together, and the outside corner studs should b<4tied dia¬ 
gonally acro.ss to the inside corner stud either sejiarately or with wires 
around both studs 

Single Wall Forms.- -A wall jioured against an existing wall or 
against the bank of an excavation ncsnls only one form, and this must 
be braced externally. If lln*re is anything close to brace to horizontal 
braces are best, but usually they have to be t.iki'n diagoimlly down to 
the ground where they are lield by stakes. In order to lx* able to adjust 
and plumb the form, widges are used bc'tween the brace and wales, 
driving a nail through both to prevent slijiping {Fig. 24). If there are 
any signs of the wall going out of plumb the nails are withdrawn, the 
wedge driven up, and the nails replaced. 

If no wales are used, 1 in. by 0 in. for low walls and 2 in by 4 in,^ 
for high walls arc used as braces at each stuc], and are nailed to stakes 
{Fig. 23). With wales the braces are generally 3 in. or 4 in, by 4 in. 
and they can take bearing on a 2-in. plank or 4 in. by 4 in. laid on the 
ground with a stake at the end {Fif^. 24). If it is necessary to brace 
to a finished floor the 4 in. by 4 in. can be held with stud bolts as for 
columns. 

Low Spandrel Walls. —Tlu'se walls span from column to column 
and are only sill high. As there arc generally .several walls of the same 
height and length the forms are made up in panels of i in., jot preferably 

in., sheathing on 2-in. by 4-in. studs. They are built after the columns 
are stripped, so that the main problem is the method of bracing them. 

To hold the bottom of the outside form fhe stud bolts left in the 
column 6 in, below the floor line cfn be utilised. Two 2 in. by 6 in. 
separated by i-in. blocks can be slipped over these bolts and bolted 
tight to the column. These will hold the studs, which must be about 
8 in. longer than the sheathing. If the wall is flush with the lintel the 
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sheathing should extend an inch or so below the floor. If the wall is 
set back from the lintel it may be necessary to wedge between the studs 
and wale {Fig. 36fl). 

Another method is to nail a 2 in. by 6 in. on to the l)ottom of the 
studs and to hold it by short J>ieccs of 4 in. by 4 in. over the bolts {Fig. 
366). At the top a similar wale is bolted through close to the columns 
to a 4 in. by 4 in. on the other side of the columns, long enough to hold 
the first two studs. The inside form is held at the bottom by wires or 
bolts in the ordinary way, and the top by nailing short pieces of i in. 
by 6 in. across the studs or by wires. 

Sills are usually poured after the walls are stripped and tlie sash 
set, but if the sash is set before the walls arc poured the sills and walls 
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can be poured together. To form the sill projection the studs can be 
blocked out from the sheathing i im or 2 in. as required, or notches 
can be cut in the studs {Fig. 36). 

Very High Walls and Piers.- - If a high wall is to lx* formed to the 
top the methods will be the same as already dc'seribed. Timber sizes 
nwxi not necessarily be heavier if care is taken, but since it is difficult 
to brace high walls from the outside heavier timber will give a stiller 
form, so ij-in. sheathing and 4-in. by 4-in. studs are preferable. Wales 
should always be used, and bolts or rods instead of wire, except perhaps 
near the top. , 

High walls and piers are often built by raising the forms vertically 
in panels if horizontal joints are not objectionable. The panels are made 
the same as when they are moved horizontally, but they should be 
about 6 in, higher than the height of pour in order to lap over the concrete 
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already poured. One lift is all that can be managed with hand-power, 
using a hand derrick. With derricks, cranes, cableways, etc., very high 
lifts can be made. A panel 8 ft. by lo ft. is convenient to handle, but 
with })ow<T handling larger panels may be used. 

To supjxrt th(‘ bottf)m of the panel after it is raised, stud bolts or 
rods should be left in the wall on each side at each pour, 6 ft. to 8 ft. 
apart and about 9 in. down from the top of the pour {Fig. 37). To 
these is bolted a 4 in. or 6 in. by 6 in., which acts as a support for the 
panels. Toehold them temporarily while bc'ing plumbed, wires can be 
emb(‘dded in the concreti*, twisted around the reinforcing steel if possible, 
and sutticiently long to reach to about the centre of the studs. The 
first wale and bolts should be just abov'e the concrete, so that the forms 
can lie drawn in tight .igainst the concrete to avoid leaving a ridge at 
the joint. Using spacers in the wall there will be little difficulty in 
jilumbing the forms. High walls built with moving forms will be men¬ 
tioned later 

Retaining Wails.—Plain concri'te w'alls will lx; built by one of the 
methods described, but ri'inforced concrete retaining walls may have a 
f(‘w .special features 

With cantilever walls there is often a fillet or bracket at the bottom 
of the back of the wall {Fig. 38). The form for this is built as a separate 
panel with the .same spacing of‘studs as for the wall itself. As there 
will be ujiward pressure on this panel it mu.st be well-anchored down, 
generallj' by w'iring to Ibe reinforcing steel. The wall panel is set on 
top of tlu‘ sloping panel and the studs of each nailed together. There 
.should be a spacer at the bottom of the wall panel. A diagonal i-in. 
by (')-in brace is nailed from the sloping to the vertical .studs to help 
.sujiixrt and stiften the wall form. The first pair of wales will be at 
the junction of tin* sloping and vertical studs, hut if this is more than 
about 2 ft. high the bottom of the studs must be held by wales bolted 
through the wall or braced from the outside. As the back of the wall 
will usually lx- on a batter, the sjxicers will vary in*length The top and 
bottom .sjiacers must be cut to the i*xact width of th(‘ wall and are set 
first spacing the toj) and bottom of the forms. The intermediate spacers 
are cut ajijiroximately to suit the Avidth and are wedged into the forms 
to hold the panels to line. 

Counterfort walls pre.sent no particular difficulty. The sloping back 
of the counterfort is built similarly to a bulkhead. For easy stripping 
it .should be built as a panel with i-in. by 4-in. battens down the centre 
imd only lightly nailed to the stop battens on the sides, as the pressure 
of the concrete w'ill keep it in pljicc. The sheathing of the sides of the 
counterforts should not be cut to the slope, but should be of random 
lengths to save material^ Since counterforts are usually about 8 ft. 
apart they are easily braced against each other with diagonal braces 
butting against a stop block nailed to a 2-in. plank or a 4 in. by 4 in. 
which holds the lowest wale {Fig. 39). When the counterforts are short 
it is usually better to run the sheathing vertically. The l^aces should 
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not be horizontal between counterforts unless the concrete is brought 
up in each one at the same rate. As the coimterforts will be stripped 
first the wall sheathing should overlap the counterfort sheathing 

39 )- * 

Curved Walls.- These will have vertical .sheathing and horizontal 

yokes like a circular column {Fig. 40). The curve should be laid out 
on the ground by driving in a stake at the centre and marking out the 
radii with a lath nailed to the stake and with a hole at the other end 
for a pencil'. Along the lath is measured the outside radius plus the 
.sheathing thickness and the inside radius less the sheathing thickness. 
Along the circumference are loo.sely placed 2-in. planks the width depend¬ 
ing' on the radius, lapping b in. to 12 in. The lath is swung around 
over t'lie planks, which arc adjusted until the laps are about equal and 
the depth of cut at the I'nds the same, when they are nailed lightly 
together and the curve marked out on them. They are then taken 
apart and the curves cut out. When put together again with the satne 
amount of lap tiny will give the correct radius. 

When possible it will save timber to cut both imside and outside 
yokes from the same plank and to do this it will pay to use wider and 
shorter plank. The inside yokes should l>e marked out first and then 
the planks taken ajiart and moved farther out until the greater outside 
curve coincides with the inner curve at the centre of the yokes. The 
outside yokes must be longer tlian the inside j okes because of the greater 
curvature if each are lapped the .same amount, the ratio of the lengths 
being appro:jflinately the .same as the ratio of the outside and inside 
radii. The inside j'okes should be cut back at each end to avoid feather 
edges. Sometimes onij’ one plank is marked out in this way* and used 
as a timiplate for cutting the others, but if there is a slight error in the 
template this will be rept'ated in all the j’okes and they may not fit 
together .so well. 

, Instead of u.sing 2-111. planks two thicknesses 0/ i-in. boards can be 
used nailed togethei, with the splice in one board at the centre of the 
other board as shown in the dotted lines in Fig. 40. This is more suitable 
for inside than out.side j’okes. The least deptli of outside yoke at the 
centre .should be not less than 4 iif, nor the end depth of inside yokes 
less than 4 in. at the centre of the lap. 

When tile yokes an* cut out they are nailed together at the Japs, the 
radius being checked again before driving home the nails. The sheathing 
is nailed on either in place or in panel form. The sharper the curve 
the iiarrowt'r must be the sheathing. 

Tlie spacing of the yokes depends on the allowable span of the sheath¬ 
ing (Table 2). When erected the forms are wired across at the laps of 
the j'okes and at intermediate points so that the wires are not over 
30 in. apart, depending on the heiglft of the wall. If the wall is high, 
vertical wales should be used at the ties to stiffen the form. 

With verj' flat curves it is often pos.sible to spring the boards hori- 
zontallj' to the curvature. In this case the lowest board is staked to 
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line and the studs then nailed on. No wales can be used without wedging 
out from the .studs, so theu* should be some outside bracing. 

If a wall is a complete circle, as in tanks and silos, and often in small 
foundations, it is possible to disixjnse witlj the ties, but in this case the 
timber of the outsidt* yokes is in tension and the nails or bolts at the 
lap of the 3'ok<*s in shear. Since it takes about ten 2od. spikes to equal 
one §-in. l)olt in shear, bolts should be u.sed to fasten the yokes together 
at least two to a joint If the wall is verj' low and of small diameter, 
five 2()d. spikes can be used at each joint instead of the bolts. Concreting 
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must Ix' brought up equallj' around the wall, otherwise the forms will 
be thrown out of shape. 

Batter-Curved Walls.—Curvtd wing walls for bridges, bridge piers, 
foundations for turbines, etc., are often battered. The yokes at different 
heights will have difterent radii, which must be calculated. The radius 
at the bottom will bt' greater than that at the top, .so that the width 
of each board should reall}' taper from bottom to top. This, howler, 
is seldom done. General practice is to nail on three or four boaiH of 
the regular width, leave a space at the top of about 2 in., then nail on 
some more boards, leave a space, and so on. Each space is then filled 
with a .special board cut jto fit. It is best to use square-edged boards 
with this method so that the wedge pieces can be slipped in without 
having to cut off the tongues {Fig. 42). 

Stripping. —After tlie exterior braces are removed the wires are 
cut or the clamps or nuts removed. There should be a box handy in 
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which to drop the parts, otherwise a large number will be lost. If the 
forms have been built in place, the wales are then knocktHl off and the 
studs pried away individually from the sh('athing: the a<lvantage of 
using as few nails as possible will be seen here As the studs havT to 
be taken apart from the shcefthing, it is easier to <lo it when they are 
standing in position rather than try to take sheathing and studs down 
together and then remove the stuils ; there is also the advantage of 
being able to pile the studs together without sorting them out from the 
sheathing The sheathing boards are then jiriwl from tluf wall, and 
lastly the wires cut off or the bolts or rods jiulUnl Sometimes the bolts 
an* pulled before stripping, but generally the timber is required first 
for use elsewhere and so the bolts are left until last. 


Seared 
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In panel constriK^tion tlu' pan<‘I is removt><l as a whole, prying out 
from the top of the wall In this case the b<Jts are g<*nerallv reinoveif 
first, as the panel can be stripped much more easily, but if not the wales 
arc knocked off before removing the panels 

In the summer forms can be removed in from 12 to 24 hours, but 
in cold weather they .should Im* left 3 or 4 days, or until the concreti; 
cannot be indented with the thumb nail The timtier should be cleaned 
6f concrete as soon as possible after stripjiing, as hardened concrete is 
di ffia ilt to remove Different sizes should always lx; jiiled separately, 
as nmch time can be lost in searching for studs under a jiilc of sheathing 
boards. Regular carpenters’ stripping bars should be u.sed for stripping, 
and w'hen it is necessary to pry from concrete a short beard should be 

slipped between the concrete and bar and care taken not to break off edges. 

• 

Estimating Cost. 

The Smount of timber required per square foot of contact area will 
increase with the height of the wall if the whole height is poured at 
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one time, and will depend on whether the timber sizes are the minimum 
required for strength or whether they are made heavier to allow for 
wear and tear. 

It will vary from a minimum of 0-175 cu. ft. to a maximum of 0-35 
cu. ft. [XT s<i. ft. of contact area, measuring both sides of the wall. For 
ordinary building walls up to 10 or 12 ft. high an average of 0-225 cu. ft. 
per sq. ft. can be used. For high retaining walls of 20 ft. and over 0*30 
cu. ft. is an average value, and proportionally for intermediate heights. 

If the forms are built in ])an(?ls and used .several times these units 
will be divided by the numbt^r of times used, based on the whole area 
of both sides the wall. But for each time the panel is used 10 per cent, 
should be added to the amount allowed to make up the panels to cover 
possiWe repairs. That is, if the first erection takes 0-25 cu. ft. per sq. ft. 
and the panel is to be used four times the amount of timber to estimate 

o 25 30 per cent _ cu. ft. per sq. ft. This limits the number 
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of times the original timber can be uscil to ten. However, a panel is 
not usually used more than si.v times. These units will include waste 
in rutting, braces, spacers, etc. 

The labour cost will also vary with the height, but is fairly constant 
for ordinary walls up to 12 ft. high. Above this height there will be 
an additional cost for raising the timbers, splicing the studs, and for the 
inconvenience of working above ground. For ordinary heights the 
labour cost per cubic foot of timber will be fairly constant, that is the 
cost jKT sq. ft. will increase with the amount of timber used persq. ft., 
because there will be more w-i-ight to handle. 

The thickness of the wall does not have much effect on the cost, 
though very narrow walls, such as 6 in. or 8 in., or very wide walls 3 ft. 
and over, will gcncrall}- cost slightly more than the usual widths of 
12 in. to 30 in., because in the narrow walls the carpenters cannot work 
inside the wall and in the ver)' wide w-alls the ties will take a little longer 
to place. 

Panel forms will cost more than forms built in place if only used 
once, but if used more than once will cost less. 

For long retaining walls, where* the forms can be used many times 
over, the cost of renting steel forms should be investigated. 

Allowance for the cost of cleaning and oiling must be made each 
time a panel is used. A labourer should clean and oil 100 ft. super per 
hour. 

When the forms are done with an additional cost for pulling all the 
nails must be added before the timber can be salvaged for use on another 
job. This is often overlooked, though it may amount to a considerable 
sum on a large job. A labourer should clean timber of nails at the rate 
of about 10 cu. ft. per hour and the «)st should be figured on the amount 
of timber it is expected to salvage for use on the same job or on another 
job. 

The cost of nails, wire, and bolts is usually allowed for by a lump 
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sum, rather than reckoning the cost for each item of-formwork. The 
number of wire ties required will be approximately the total contact 
area divided by i^. If bolts or rods are used this number should be 
divided by the number of times they can be used plus an allowance for 
waste and lo.ss. About i lb." of nails per lo ft. super of forms should 
be allowed, as the waste is large. 

For walls up to 12 ft. high built in place it will require about b hours 
carpenters' time and 3 hours labourers’ time lo erect and brace 100 ft. 
super of forms, and i hour carptmters’ time plus 2 hours labourers' time 
to strip them. To build 100 ft. .super of panel forms will require about 
3 hours carpenters' time plus ij hours labourers’ time to make the 
panels, 3^ hours’ carpenters' time plus 3J hours labourers' time to 
erect them, and | hour carpenters' time plus 2 hours labourers’ time 
to strip. 

In either case the labourers' lime cleaning mu.st be rt'ckoned each 
time the timber is used. 

Cost of 100 ft. super of wall forms built in place-- 

7 hrs. car]><*nt(“r (a'> . - - 

6 ,, labourer (a; . 

TimlxT, say, 0-225 X 100 22-5 eii. ft («’ .... -- 

Cost of 100 ft. super of wall forms built in panels and used 4 timcs— 
ist erection : 7 hrs rarix-nter (a> . 

8 ,, labourer (a] . 

Timber. 0-25 30 per cent. - ^ 8-125 4 - (?) -■ 

4 

For each of following erections: 

4 hrs. carpenter (<?( 

6^ „ labourer @ 

Or average cost for whole job - - 
4f hrs. carpenter (a] 

6|, ,. labourer @ 
cu. ft. (^, 














CIIAPTEIi IX. 


DfeTAlL CONSTRUCTION OF BEAM AND 
GIRDER FLOOR FORMS. 

The method of calculating the size of timbers required for tlie several 
parts of a beam and girder floor has been shown in the previous chapters, 
so it will only be necessary now to describe the methods of framing and 
strijiping. TluTe is only one general method of framing, but there 
are sevi'ral wa3's of constructing details to facilitate stripping 

The method of constructing the di’tails will determine whether the 
formwork is economical or expensiv't* The main thought to bear in 
mind whe/i designing the forms is the ease and seipience of stripping. 
A form IS onl^' temporaly, and it must be built so that it can be taken 
ajiart with the least I'ost and the maximum salvage of material. The 
speed required on the job, and, closelj' allied to this, the need for reshoring 
the beams, will also affect the iletails of erection 

It may be thought li^’ some that reinforced concrete building is slow 
because of th* time reijuin'd for the concrete to set. This is not true, 
however ; wdth [irojier attention paid to details of formwork and reshoring 
of beams a reinforct*d concreti' building can be put up as fast, if not 
faster, than anj’ other type of building It is common practice in the 
Unitetl States to complete a floor ewry week or ten days, whatever the 
size of the building may be. 

In a multiple-story building it is customary to build only one com¬ 
plete set of forms for one floor, or for a floor and a half, and use these 
again on the upjic'r floors, so that it is necessary? to strip as soon as possible, 
and the forms must be designed so that the least important parts can 
be strijqied first without disturbing those members which carry most 
of the load. 

In beam and girder construction the unit method is always used, 
that IS, the slab panels, beam and girder sides and bottoms arc built 
up in advance to the correct size ready for erection, often going a step 
farther and building up the beam and girder boxes complete. A power 
saw is a necessity for economy, as there will be many small pieces of 
the same size to saw. 

Timber sizes for the di^erent parts w’ill be practicallj' the same for 
all jobs, except that the joist size may vaiy' somewhat with the span. 
Before deciding on the joist to use, comparison for economy in material 
should be made between two or three different sizes. The standard 
sizes used for all ordinary buildings arc as follows:— 

100 
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For slab panels, i in. by 6 in. dressed to | in. by in. tongued 
and grooved. 

„ joists, 2 in. by 6 in , dressed or rough. 

,, beam ledgers, i in. or by 4 in. or b in., dres.scd to | in. 
or ij in. 

For cleats or battens, i m., ij in. or 2 in. by 4 in. dressed. 

„ beam and girder bottoms, 2 in plank dressed four sides. 

„ „ ,, „ sides, I in. by 6 in. dre.s.sed if only ased 

once and i| in. bj’- 6 in. dre.s.scd if used more than once. 
,, posts, 3 in. or 4 in. by 4 in. dressed or rough. 

In choosing betw(‘en dres.sed and rough timber, faces coming in 
contact with the concrete should always be dre.ssed, and it is customary 
to order material for slab sheathing, joists, beam sides and bottoms 
to be dressed four sitles Beam bottoms may be dressed on one side 
only if thereby a single plank, or two planks together, will give ju.st 
the required width of beam. Joists can be rough, but are harder to 
handle and the ends will have to be si 7 .od to an even depth. Po.sts are 
generally rough and are stronger than when dressed, but if they can 
be used elsewhere, as for studs, they should be dressed. • 

The bill of material should be made out from sketches of the forms, 
and not ordered haphazard Required lengths particularly .should be 
noted, otherw'ise there will be an astoiuMiing jaTcentage of wast<\ 
The sketches for the different parts should be given to the carpenter 
foreman so that he will know for what part the different items were 
ordered. • 

If there is a basement wall to build, the timber can be used again 
in the floors and .should be ordered with that in mind ; that is, it may 
be cheajicr to use 3 in. by 4 in. or 2 in. by 6 in. studs in the wall and 
re-use them as posts or joists in the floor rather than order 2 in by 4 in. 
studs and have no use for them afterwards. 

As the various parts are framed up as units it will be convenient 
to consider them separately before de.scribir>g the method of erection 
and joint details. 

Slab Panels. —^The average size of a slab panel between beams 
and girders will be about 5 ft. by 1® ft. This can be built in one, two, 
or four sections, the size depending mainly on the facilities for handling 
from floor to floor. With a hoisting engine on the job one panel would 
be the most economical, but if they arc to be handled by hand two 
or four panels per bay would be better. 

The panel will rest on the top of the beam and girder sides, and 
should be \ in. to i in. less in width and length than the dear dimensions 
betw'cen the concrete. They will thus set only partly on the sides, 
allowing J in. to \ in. clearance all around for " give ” in the top of the 
sides—and they will always giv^ slightly under the pn*ssurc of the 
concrete—and so prevent the panel binding in the concrete and hence 
being difficult or impossible to strip. The edges all around should be 
bevelled.to 45 degrees. 
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The boards are nailed together with i in. by 4 in. battens spaced the 
same distance apart as the joists will be, and so that they will be about 
midway between joists. The battens must be. about 2 in. .shorter than 
. the width of the panel. As panels arc liable to swell if left long exposed 
to rain, to prevent buckling an end board is often left off until the last 
minute; or if two panels are placed side by side a narrow strip is left 
between them afterwards filled in or covered with a strip of tin or "heavy 
paper. 

Another Ynethod of construction is to nail the boards direct to the 
joists, using them as battens. This will save material and labour but it 
makes the panels heavier to handle, so should only be used when there 
is sufficient equipment to handle them. The panels are made in one 
scctioif for each bay. Each end board is nailed on lightly for easy 
strij)ping, .since if they stick they will remain in place while the rest 
of the panel can be removed. Sometimes the length of the panel is 
made a board-width short each end and these boards nailed on Jightly 
to a joist placed a board-width away from the girder, for the same purpose 
of ea.sy stripping. One of the end boards is left off until last to allow 
for swelliitg and to provide an opening for cleaning out the forms. 

If the panels are to be u.sed only once, unless it is desired to make 
thorn up in advance, loose boards can be used without the battens. 

Joists or Spreaders.—The length of the joists will be the clear 
distance between beams Ic'ss twice the Iream side thickness less | in. 
The ends slrould be bevelled inwards at the bottom about in. so that 
they can be fasily stripped without binding If rough joists are u.sed 
the ends must be sized to an even depth to give a level slab. When they 
are nailed direct to the .sheathing the length and bevel will be the same. 

Beam and Girder Bottoms.—The width of the plank should prefer¬ 
ably be the same as that of the beam so that cleats will be unnecessary, 
I but, as the cost increases with the width, above about 10 in. wide it 
1^ cheaix'r to u.se two planks nailed together with, i in. by 4 in. cleats 
on the underside, 24 in. to 30 in. apart. The cleats muist not be longer 
than the width of the bottom. 

The length of the bottom will depend on whether it is to be carried 
on the column sheathing or blocked up from the yokes and butted 
against the sheathing. In the former case the length will be the clear 
span between columns less J in. to \ in. clearance at each end, and the 
ends will be bevelled inwards at the top. In the latter case the ends 
will be square, and the length will be the clear span between columns 
less twice the column sheathing thickness. In the first case a little 
leeway in measurement is allowed, but in the latter the measurement 
of the bottom must be accurate. The former method is generally used 
when the bottoms are to remain in place after the sides are stripped 
and the latter when the sides and *bottom are stripped together as a 
unit, as it gives a little more clearance after the columns are stripped. 
When the bottom is carried on the sheathing the column is a little easier 
to strip. When the beam bottoms are carried on the girders eitlter 
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construction may be used and the length will be accordingly, the girder 
taking the place of the column. 

Girder Sides. —^Thc depth of the side will la' measured from the 
underside of the slab sheathing to the bottom of the girder bottom. 
The side is usually made exactly this depth, but to save ripping a board 
all full-width boards may be used and the side allowed to project below 
the bottom, in which case notches will have to be cut at the posts to 
allow the bottoms to bear on the caps. The sides should never bear 
on the bottom, but always overlap. The length of the side*will dcix-nd 
dll the system of framing used. 

The iK'St method is to make the length of the side equal to the clear 
span between columns less twice the thickness of the column sheathing 
less about in. each end for clearance , that is, if the columns are 

18 in, square and 18 ft on centre and the sheathing used is 11 in. the 
girder side will lx: 16 ft in long. The ends are bevelled outwards 
and the in. clearance is afterwards filled in with a Ix'velled batten, 
as mentioned later This method is us(*d with a column head as shown 
at (b) Ftg. 12. 

Another method is to make the length etjual to the clear,span less 
twice the sheathing thickness, or the ends of the sides will be flush with 
the column sheathing and are covered with an indejx'ndent bevel .strip. 
Still another method is to carry the sides over the column sheathing 
but stopping i in. to 1 m from the inside face and bevelling the ends 
inwards ; in this case the length will be the clear .span less ^ in. to i in. 

The latter two methods, used with column lu'ads as *hown at (c). 
Fig. 12, make the column sides less easy to strip and leavt* small fins 
on the concrete at the junction of side and bottom bevels unless the space 
is filled in. The first method will be considered best practice, and the 
slightly extra labour cost will be more than .saved when it comes to 
stripping. 

The boards are nailed together with batt(‘ns 24 m. to 30 in on centre, 
the size depending on the depth, using i in. by 4 in batten.s up to 15 in.* 

in. by 4 in. from 15 in. to 24 in. : 2 in by 4 in. from 24 in. to 36 in.; 
and 3 in. by 4 in. for greater depths. The boards should be wt'll-clamped 
together before nailing, to close up 4 he joints. The end battens should 
be a few inches in from the ends. 

The openings for the beams correspond to the openings in column 
heads for the girders, and can be made by either of the methods .shown 
in Chapter VII, and in Ftg. 43, The former is the better; the width 
will be I in. to i in. wider than the width of the beam, the depth will 
be i in. to ^ in, greater than the depth of the beam, and all edges will 
be bevelled inwards. If the beam bottom is carried on the sheathing, 
as must be done anyway if there is not much, difference in depth between 
the beam and girder, the opening «must be the depth of the beam plus 
beam bottom and the bottom edge will be left square; and the width 
of the opening will be that of the beam plus twice the beam .side thickness. 

19 support the bottom a short piece of 2 in. by 2 in. or 4 in. is nailed 
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under the opening in either case. Temporary' cleats shouldJbe naiRd ' 
across the openings until the sides are erected and brac<^d. • y 

If the beams are deep, the openings will leave the girder sides weqlc,*' 
and they will Ik- liabU* to break when .stripping. A good melhofl'of 
(jvt-rcorning this is to build the sides up fo the underside of the beam 
bottoms as a unit with the giril«T bottom, nailing them permanently 
together and stripping togc-ther. The remaining portion of the si(|es 
IS then built as separate units from column to beam and beam to beam, 
leaving isj. clearances at each end if desired, and letting the battens 
))rojert below the sheathing for lap (Fig 44). 

Beam Sides. Tlu-se are built the same way as girder sides, pref^r- 
.dily leaving in clearance each end as mentioned. The connection 
to the gilder is tiie same as tin- connection of the girder to the. 
column 

Beam Ledgers. Thesi- an- n.uled on to the side battens at a dis-^ 
tance down e([ual to the dejith ol tin* joists They should stoji off, a 
h‘W imhes from the ends ot the sides. The top surface must be level 
■so that the joists will not have to be wedged up or cut down to give 
a level fl^or l''or spans up to (> ft , 1 in by 4 in will be sufticient ; 
lor greati-r spans i J 111. mati-iial should be used Instead of a continuous 
ledger, () in. by 6 in blocks bv i J in. thick are often nailed on the beam 
sides at the spacing of the joists This will saw some material, as wasfte 
boaids c.m be usi-d and the joists will be easier to strij) 

Shores To tin- toj) of tlu- j)ost is spiki-d a caj) of the same size 
as the post aid about 15 m to iS in longer than the width of the beam. 
The ends ol the cap are diagonally braced back to the jiost by .short 
l)iec(‘s of 1 111 by 4 m or (> m on ojiposite sides The jiosts shoidd 
be carefully cut oil scju.ire at each end to obtain full bearing The 
jiosts will rest on wedges, which should be haidwood, 8 in to to iji. 
long, 4 in to 6 m wide, and tajiermg from 3 111 down to about I in. 
The w'edges aie generally j)laced on a 2 m by 8 m. sill about 12 in. loi^. 
If bearing on soft ground the size of the sill should be calculatetl to giV€ 
a low pressuie on the soil, not exceeding i ton jx-r sq. ft The require, 
length of |)ost should be notetl before ordering, as this is a place where 
theie can be much waste. Sjiliced jiosts should lx? avoided, but they 
are sometimes luressary, especially wiien a story height changes. Tliey 
should have long cleats at the joint on all tour sides, w’cll nailed, and thb 
abutting ends of the posts should be scjiiare 

The posts if longer than 8 ft. will have to be braced at the centre 
w'ith I in. by t> in. boards in both directions, placed horizontally. 

Erection .---Fig 43 show's the assembled forms and the different' 
methods of building the units and making the connections. The different 
parts being read}' to erect, the carpenters should work in three gan|S/ 
one placing bottoms, another sidci4 and the last one joists and sfeb, 
panels. C » 

The outside wall columns arc fir.st set and plumbed, and on the^* 
are placed the beam bottoms all around the building, two corner coluiliis' 
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being set first to give the line. This establishes definite points to work 
from, and the carpenters work in towards the centre of the building, 
setting next the first interior row of columns and placing the girder 
bottoms from these to the outside columns, then taking the next row, 
and so on. 

One 2od. spike is placed in each end of the bottom and not driven 
home until the spacing of the columns has been checked with the tape. 
A shore is put undc>r the centre and a carpenter walks along the plank 
and drives Ef.spikc into it through the bottom, and then the remaining 
shores are placed and spiked The sills and wedges are inserted imdcr 
the posts-they should not be placed at the top—and the wedges are 
driven tight so that the bottom has a camber at the centre of about 
I in ih 10 ft. ; this is particularly necessary when .shoring from the 
ground, as there will always be .some .settlement. 

If the girder bottom is not carried on the column sheathing, the 
top yoke should bo placed at the right height to carry the bottom, and 
beam bottom is blocked up from this yoke. 

The girder sides are lifted into place and lightly nailed to the bottom 
to hold tliem in place, and braced across the toj) to prevent spreading. 
The beam bottoms Ix'tween girders are next placed and shored up 
It is important that all shores an* placed jilurnb to avoid eccentric load¬ 
ing, and hence bending in the shore , this is particularly true of spliced 
shores. The bt'am sides are then placed, lightly nailed and braced at 
the top; they should be set level. If iJ in. clearance has been left, 
3 in. by 4 in.*battens bevelled on one side are now inserted and nailed 
to the column or girder. They are put on now instead of when making 
the sides .so that the bevel can be cut to suit the exact opening. The 
centre of the girder sides shoiikl be braced back to the beam sides 

If the joists are not nailed to the floor panels they are now laid on 
the ledgers at the required spacing, leaving them loose. WTien they 
jin* levelled up the floor pani'ls are drojiped into ^lace; these also are 
not nailed down, excejit for one or two nails at the corners to hold them 
in place. The panels must be notched out around the columns; this 
is more easily done in jilace than beforehand. The lower edges of the 
beams and girders are usually covefOd with a J in chamfer strip nailed 
to the bottoms. 

The bottom of the sides must be held against the pressure of the 
concrete, and this is done in various ways. Beams up to 24 in. total 
depth can be held by driving in a 2orf. spike at each batten and two 
intermediate ones driven into the bottom on the slant and in opposite 
directions, leaving the heads projecting for easy stripping. 

Without spiking the sides at all the best method is to nail a 1 in. 
by 4 in. or 6 in. ribbon on.top of the shores on each side of the beam, 
and this will hold any ordinary b€am. Sometimes the side battens 
are carried below the beam and tied across with short pieces of 2 in. 
by 4 in. below the bottom. Patent clamps are also used, but they 
are expensive, easily lost, and sometimes a carpenter forgets to t^hten 
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one up. Bolts above or below the bottom are also used, particularly 
when heavy battens are required; and it may be necessary to use a 
bolt or wires half-way up the beam if it is very deep, as then the side 
.becomes similar to a wait form, even perhaps requiring a horizontal wale. 

The List operation is to cross-brace the shores, l^efore commencing 
to pour, the wedges should be gone over and tightened up where ncce.s- 
sarj% and it is advisable to have a carpenter under the floor watching 
the forms, particularly the posts and wedges, all the time during con¬ 
creting. Instead of erecting beam sidts and lx)ttoms separately, the 
beam boxes can be built as a unit; that is, sides and bottoms are nailed 
on the ground and erected and stripped together. One end of the box 
is up-ended to its position on the column, and the carpenters take the 
other end on their shoulders and with the aid of a post raise it uf) on to 
the top yoke of the other column There will be more weight to handle, 
though fewer pieces, and the htting can bo done more accurately. The 
sides are spiked to the bottom as explained before, and ribbons are 
not used unless the beam is over 24 in. deep. The sides and bottom 
need not necessarily be stripped together, though they I'hould be to use 
this method to the best advantage. It is generally economical for a 
one-story building, since the beams are light and the forms can be left 
in until thej' can all be stripped at the same time. In a multiple-story 
building, however, speed will generallj' require the sides to be stripped 
before the bottoms, .so they must be independent units and half the 
advantage of this method is lost. 

Nailing the joists to the floor panels should be done whert* it is possible 
to handle the panels, because there will only be one unit to place, instead 
of several. Isolated beams with no slabs must be held at the top as 
well as at the bottom, either by wood ties, bolts, or wires. It will lie 
noticed that few nails arc required during erection ; where they have 
to be withdrawn double-headed nails are an advantage All these , 
details are shown ii; Fig, 43. ^ 

Exterior Beams {Fig. 45).- Exterior beams along the building line 
and interior beams around a stair opening or elevator will have no .slab 
on one side to brace the top, .so some other means must be used. The 
commonest method is to make the post caps longer on the outside and 
run I in. by 4 in. diagonal braces from the caps to the top of the sides, 
preferably bearing against blocks to prevent slipping. It is a little 
more difficult to align the side with this than with the following method, 
and also more posts arc required. 

Instead, a 2 in. plank (scaffold plank will do) can be spiked to the 
top column yokes of adjoining columns and the sides held to line by 
driving wedges between the plank and side. It is then easy to rectify 
the alignment if required by tightening or loosening the wedges. The 
bottom of the side is held as before ^ith a ribbon or spikes. Posts should 
be placed-at least as close as with interior beams, although the load is 
less; and they should have firm bearing, since settlement will look bad 
and interfere with the setting of the sash. No camber should be given *• 
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the beam if a sash frames into it. A bevelled 2 in, by 4 in. must be 
plan'll in the bottom to form a .slot for the .sash or as a nailing strip 
for a wood frame. 

Stripping.“The length of time tlu; forms must be left in place 
before stripping depends on .so many conditions, often peculiar to a 
particular job, that no definite rules can be given, and it is a question 
that should be decided by the engineer or architect. For an ordinary 
job, with no special features, the temperature of the air is the most 
important pioint. The setting qualities of the cement, the span of the 
member, and whether the member is under compre.s.sion only or is subject 
to bending, are also inqiortant points. Long spans should be left longer 
than short s])ans, and beams and slabs longer than columns and walls. 
As a guide the following is given, but it must be combined with judgment. 
Summer tc'mperature will be taken as 60 di'g Fahr , and winter tempera¬ 
ture as 40 deg Fahr ; for intermediate temperatures the time can 
be taken accordingly 


Girder and beam sitles can be stnpjx’d in 3 4 days w 

ith temp 

at 60 deg. F. 

to q-i<> 

11 

11 

40 M 

Slabs up to f) ft. span ,, ,, ,, 5 (> 

I f 

11 

60 „ 


9t 

1 » 

40 „ 

Ream and girder bottoms I ,, ,, 8 10 ,, 

f » 

* f 

60 ., 

and long-.s|)an slabs J ,, ,,21 ,, 

> f 

1 > 

4 «> M 


Thesi* times are conservative Helow 40 deg it is mainly a question 
of the heat and jiroti'ction given during .ind after pouring. 

All bi'ams must be leshoied immediately until the concrete has been 
])oureil lor at least 28 days, as they must supiKirt the construction on 
the upper floors as wi'll as tlu'ir own weight. 

The order of stripping after the column forms are removed depends 
^somewhat on the method of framing and whethef the bottoms are to 
remain utter .stripping the slab If the bottoms and shores arc to remain 
in ])Iace the order of strijiping is as follows : ribbons holding beam sides ; 
bevelled keys or cleats at junction of beam and girder, ledgers ; joists; 
girder sides ; beam sides ; floor panels ; beam bottoms and shores ; 
girder bottoms and shores. This means that all the forms except the 
bottoms are stripped together. If the sides are required first and the 
slab panels left in place a little longer, each shore in turn is loosened, 
turned around with the cap parallel to the Ixiam, and wedged up again, 
then the girder sides first anti the beam sides next can be taken down, 
leaving the panels in place and putting temporary shores under them. 

If the slab panels have been built with loose or lightly-nailed boards 
all around the outside they can be removed with the joists before stripping 
the sides. • 

If loose joists with a continuous ledger are used the ledger must be 
taken off first, but if the joists are loose and carried on blocks they can 
lx* knocked off without removing the blocks. 
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If the panels are nailed to the joists the ledgers or blocks must be 
removed first unless the shores are turned around and the beam sides 
removed. 

If the bottom and sides are built as a unit the order of stripping will 
then be : ribbons; cleats antf keys ; .shores imder girders ; girder sides 
and bottom together; shores under beams; beam bottom and sides 
together; and lastly the slab panels. 

All beams and girders must lx* immediately reshorcd and temporary 
shores should be placed under the slab panels to prevent Jiiem falling 
while the beam boxes are being removed. 

When girder .sides are built as in Ft^. 44, usually the lower half of 
the sides and the bottom are strippixl first, then the girder sides, beam 
sides, and slab. Small piect's, like battens and cliMts, which have to 
be removed should be tacked on the form to j)re\ent loss 

When the bottoms are k'ft in, the shores and bottom are stripped 
together and not the .shores separatidj- Shor<‘ braces are removed 
before beginning to .strip but an' replaci’d on the ]H rmanenl shores. 

A light sea hold must be built for removing the cleats, ledgers, ribbons, 
etc. The beam sides and slab ]>anels after being }>ri(d loose with strip¬ 
ping bars are allowed to fall on to two.rojx- slings and eased to the floor 
to prevent breakage To make these slings, two 4 in. by 4 in. posts 
are bored through near the toji to take a rope. The rope is knotted 
at one post and i.s carried down and fasti ni'd around a cleat on the 
other post. The rope should b«' long enough to (o\er oiu* bay bt'tween 
columns. The posts are wedged up tightly bi-tweeu llodrs alongside 
the girders, and they should be a littli* longer than the clear .story height. 
Two slings per bay will be suflicient (i*ig. 4f<.) 

Panels should be immediately cleaned of any adhering con¬ 
crete. 

Re-erection. —The sizi* of the columns will usually nxluce on the 
upper floors so that when re-erecting tlic' forms it will be found that 
the beam and girder forms framing into the columns will be too .short 
because of the longer clear span The girder bottom is lengthened at 
each end by half the increase in span by splicing on pieces of plank with 
cleats ; the joint will be stronger if bevelled, and it must be done I'ach 
end to keep the beam spacing symmi'trical. The .sides are similarly 
lengthened by cleating on a narrow strip at each end. For each reduc¬ 
tion in size of column it is better to take off these strips and add wider 
ones so that there will be only one patch instead of sc\'eral. On upper 
floors these patch strips can be used to give the necessary clearanai 
for stripping instead of using the bevelled battens, as they can be taken 
off before stripping the sides. 

The slab panel will also havt* to be picced.out at the columns. This 
can be done as for columns by eleftting on short pieces, but it makes 
rather a clumsy joint as the edges of the panel are bevelled where it rests 
on the column, so the new pieces have also to be bevelled to fit or else 
the bevels are sawn off. A neater joint is made by sawing off each comer 
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of the panel where it comes against the column on the diagonal, so that 
it will just miss the comer of the column, at the time the panel is made 
up. The comer is then filled in with one or more boards parallel to 
the diagonal, cleating on the outside board. At each reduction these 
boards are removed and new ones put in* their place. 

If beams reduce in depth on upper floors the .sides are .simply dropped 
the required amount (not sawn off at the bottom) and notches are cut 
for the post caps. If the depth increases it will be an advantage to have 
had the side? long in the first place, so that only the notches will have 
to be patched and not the whole form. 

When building the forms in the first place the required changes 
on upper floors should be carefully noted and the forms designed so 
that the changes can be made with the least expen.se. 

Re -shoring —In order to maintain a satisfactory speed it will 
generally be necessary to pour a floor when the floor below has not 
attained .sufficient strength to .support the load coming on the shores, 
so that after stripping tlie lower floor .some or all of the .shores must be 
replaced. These should be put back immediately after stripping and 
wedged up again under the beam, but not so tight as to strain the con¬ 
crete. It is best to order .sufficient beam bottoms for two full floors 
and .sufficient shores for two and a half floors, so that the second floor 
can be fully formed and poured before removing the first floor shores—^ 
the sides and slab panels can be used on the .second floor. The first 
floor is then stripp('d and half or two-thirds of the shores replaced; 
all the bottoms and half the shores are used on the third floor, and so 
on. In this way there is always one story fully .shored and one story 
half or two-thirds shored below the floor being poured ; in addition 
there .should be a few .shores in the third story below, say, one at the 
centre of each beam and girder, which arc removed after concreting 
{Fig. 49). With re-shoring a floor can be poured every 8 to 10 

With long spans and heavy beams it may be necessary to leave the 
shores in for a considerable time, in which case to be able to use the 
timber in the bottoms, at the .same time never leaving the beam un¬ 
supported, a special design can b» made. 

Spans of 30 ft. to 35 ft, should have one shore undisturbed during 
stripping, which can be done as follows {Fig. 50): Two saw cuts about 
10 in. apart are made right through the beam bottom at the centre, 
giving a loo.se piece which is cleated on again during erection. A 6 in. 
b}' 6 in. shore is placed in the centre of the loose piece, only instead of 
the cap being placed on top of the post a short piece of 2 in. plank is 
placed each side of the fiost flush with the top, the nails projecting for 
easy withdrawal. The savv cuts are made at an angle of 45 deg. The 
remaining shores are placed in thetordinary way. To strip, the two 
cross pieces and all the shores except the centre one are removed, when 
the beam box can be lowered and turned around as a whole, or the 
sides can be stripped first and then the shores and bottom removed. 
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All the shores are then replaced and the 6 in. by 6 in. can be removed if 
desired and replaced by a smaller post. 

For longer spans still, two permanent shores should be left in the 
same manner on two loose pieces, and as the sides will be heavy they 
should be cut in two or three places and‘'cleated together again after 
erection, so that each part can be removed separately by removing the 
cleats. 

Replaced shores must be cross braced as when first used. 

Very Hij>h Beams.—When the story height is exceptionally high, 
say 25 ft. and over, and the beams are heavy, it is inadvisable to use 
single post shores unle.ss they are made heavy, two post bents are 
bett<-r. These are shown in Fig. 46, and consist of two 4 in by 4 in., 
or if necessary 6 in by 6 m., posts about 4 ft. apart, well cross-braced 
and supporting the beam bottom on two 2 in planks, one nailed on 
each side of the posts They should be deeper than required to carry the 
load so as to decrease deflection which would cause bending in the posts. 
Sway bracing should connect the bents longitudinally. If the slab 
span between the beams is long, ordm.inly requiring a cc'ntre ledger, 
it would be better in this case to use a heavier joist sufficient to span 
from biMin to beam and .so avoid high shoring under the slab 

Brackets.--If the brackets are not large they can be built a.s an 
integral part of the beam form, as in Ftg. 47 There should be a shore 
at the st*irt of the bracket, and the joint in the bottom should be on a 
bevi'l. If the brackets arc large they will In* clumsy to handle with the 
beam form, iind art' bcttt'r made as .separate units, cutting through 
the sides and cleating after erection. They can also be built as shown 
for column brackets. 

Very heavy and long brackets should have the shores placed at 
right angles to the bottom of the bracket, and they must be held from 
slipping on the floor. 

Estimating Cost. 

Slabs and beams are usually estimated separately, as the proportion 
of slab area to beam area may vary considerably. The slab is measured 
over the whole area, not deducting for beams and girders, since the 
excess area—about 15 per cent.—^w’ill cover the cost of making bevels, 
fitting around columns, etc. Beams and girders are measured by the 
surface area in contact below the slab; that is, the area of two sides 
plus bottom, the length being taken centre to centre of columns or girders. 

Slab forms, including joists, will require about J cu. ft. of timber 
per sq. ft. of area. Beam and girder forms, including posts and bracing, 
will require about J cu ft. of timber per sq. ft. of area in contact. The 
proportion of beam and girder area to slab area on an average job is 
about 50 per cent.—rather more thaft le.ss—and since they take twice as 
much timber per sq. ft. a quick estimate of the amount of timber required 
can be obtained by figuring J cu. ft. over the area of slab and dividing 
by the number of times the forms are to be used. 
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Fic. 51 .— GIRDEK SIDES BiriLF TO UNDERSIDE »E\M BDlToMS AND COMPLErivD 
WITH PANELS FROM BEAM 'lO UEVM. 



no. 5J.-SUI’P0RTING exterior beams diagonally FROM SHORES. 
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For rc-shoring, a complete set of shores and braces will require about 
0*15 cu. ft. of timber per sq. ft. of area of beam, or the number of shores 
required can be estimated at so much each. 

About lo per cent, should be added to the timber quantities for 
each time the forms are reused, to allow for repairs, etc.; this is a liberal 
allowance. Brackets are hgured in with beams. 

To make up loo sq. ft. of slab forms, including joists, will require 
about carpenters’ time plus i hour labourers' time. Erection in place 
will require iibout i J hours carpenters' time ijIus hours labourers’ time, 
and stripping alx)ut | hour carpenters’ time plus 2 hours labourers’ time. 

No difference is matle whether the joists are loose or attached to 
the panels , in the former ease assembly will cost less and erection 
more, but the total cost will be about the same, though fixed joists 
should work out a little cheaper. 

(’leaning and hoisting will ea<’h require about i hour labourers’ time. 
( ost of 100 s(| It. of slab forms, first erection 

4^ hrs. carpenter at. 

4^ ,, lalMUirer at . 

tivnber !<'(»/(), say 17 cu ft at. 

h'or e.ich subsequent iTei'tion cost will be - - 

2 hrs. carpenter at. 

51 ,, I.ibourer at . 

timber 10 jxt c«‘nt. of 17 ^ 1-7 cu. ft. at. - 

(’ost of 100 s(| ft of slab forms, used 4 times, calculated on whole area; 

25 his carpentei at. 

5^ ,. labouriT at. 

timber ' ' say 5.J cu ft at. 

4 


Lalxmr on beams and girders is figured at an average cost, although 
girders W’ill actually cost a little more than beams. 

To make up 100 .sq. ft. of bi'am and girder forms will require about 
4 hours carpenters’ time plus 2 hours labourers’ time Erection will 
require about 5 hours carix'ntcrs' time and 5 hours labourers’ time, and 
stripping about hours carpenters’ time plus 3 hours labourers’ time. 
Cleaning and hoisting will each require about i hour labourers’ time. 
Cost of 100 .sq. ft. of beam and girder forms, first erection :— 

10J hrs. cariicntcr at.=- 

10 „ labourer at.-- 

timber 100/3 =33j cu. ft. at.= 

Each subsequent erection will cost :— 

6^ hrs. carpenter at.— 

10 ,, labourer at. 

timber 10 per cent, of 33I, say 3| cu. ft. at.= 

Cost of 100 sq. ft. of Ix’ara .and ^rder forms used 4 times;— ^ 

7I hrs. carptmter at.- 

10] ,, labourer at.~ 

timber 10-83 „cu. . 
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Both lor slabs and beams i hour labourers’ time is added for lowering 
the timber from the fourth floor to the ground, but no allowance is 
made for cleaning it again as some of it will be worthless, some may 
be sold as it is, or the cleaning may be charged to the* next job. 

For replacing and stripping shores about J hour carpenter and J 
hour labourer should be allowed additional for each shon'. Additional 
labour should Ixi allowed for brackets, from i to 4 hours carpenters’ 
time apiece, depending on the size. 

Bevel strips on Ix’am edges should bo estimated on thejfotal number 
of lineal feet required. A carpenter will place 50-Oo lineal feet per hr. 

These costs are for ordinary conditions; extra high beams and 
unusual features will need additional labour charges. 



CHAPTER X. 


FORMS FOR RIB FLOORS AND STRUCTURAL STEEL 

FIREPROOFING. 

• Rib Floors. 

This type of construction is commonly used when the live load is light 
and a flat ceiling unobstructed by beams is desired. The span of the 
slab may vary from 8 to 30 ft , but is geni'rally about 20 ft. The ribs 
are formed by fillers, which may be made of hollow clay tile, steel, or 
gypsum, and occasionally of wood. 

The filler is generally left in, although metal tiles are mjide which 
can be stnpjK'd and used again , wood forms are never left in Whether 
it is economical or not to remove the fillers depends on the first cost and 
the number of times thi'y can be used. Removable tiles are much 
heavier and hence cost more, and when the cost of stripping is added 
it is usually cheaper to leave the tiles in place unless they can be used 
many times bver. 

With metal tiles, unless the pl.istercd ceiling is .suspendi'd, it is usual 
to lay the plaster lath direct on the forms, in which case the depth of 
the lath must be allowed for in calculating the height of the forms 
W'hen no pla.stered ceiling is requiied the tili's are removed, and in this 
case wood forms are sometimes built. 

Hollow clay tiles are 10 m. to 12 in. wide and the ribs usually 4 in. 
wide, so that the tiles are placed 14 in to 16 in. on centre. Metal and 
gypsum til(‘S arc about 20 in. wide at the base, and the ribs 4 in to 5 in 
wide, so they are placed 24 in. to 25 in on centre W’oodcn fillers can 
be made an}’ desired witlth and height, but arc usually not over 30 in. 
wide and 12 in. high. 

The spacing of the ribs mainly governs the t3'pe of form used. With 
clay tile fillers a “ closed deck ” is nearly always used ; that is, the floor 
is completely sheathed over. For other fillers an " open deck ” is used, 
that is, the sheathing is only under the ribs. With ribs 16 in. on centre 
if an open deck is used with 2 in. by 8 in.'s under the ribs the same 
amount of timber is required as with a closed deck. The 2 in. timber 
will cost considerably more than the i in., and will cost more to place, 
as the planks have to be spaced caiV'fully and fillers will be required to 
form the T to the concrete beam. Also, with an open deck there is 
some possibility of losing concrete at the bottom of the ribs unless tile 
spacers are used. Instead of 2 in. by 8 in. plank, 2 in. by 6 in. may be 
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used, but this gives only i in. bearing for the tile, and the planks have 
to be spaced vcrj’ accurately. There is, however, more salvage value 
with 2 in. timber than with 1 in., and in some cases, as, for instance, 
if it is known that the planks can be u.sed again several times, it may 
be advisable to use an o|)eif deck with cla}* tile. 

With ribs 24 in. on centre an open deck will .save one-third of the 
sheathing, although the plank will cost mon* per cubic foot. The load 
in this case I^ concentrated at the ribs, so that is where the supjnirt 
should be ; a closed deck would not distribute the load oyer 24 in. 

Closed Deck. {I'lg- 53 ) This w'ill lx* very .similar to forms for 
beam and girder construction ledgers will be required to carry the 
joists; they may bo single or double timbers, and slioiild be cleatcd to 
the jMJsts. If double they should lx* nailed together, and both*timbcrs 
should not be sjiliced o\’(T tlu* same jiost. 

The floor sheathing can be loose boards or jianeis, dejiending on the 
number of times they can be used. The edgi's resting on the beam sides 
should be Ix'velled and have J in. clearance. The joists should be 
lightly nailed to the leilger here and there to keej) them in place. Tlie 
posts will be on wedges as befoie, 'Ihe post cleats are •preferably 
naih'd to the jmsts before erection, .so .saving labour in erection. 

Hearn sides and eonnections to columns will be the same as for beam 
and girder construction, but since the dejith b«‘low' the slab is generally 
.small a single board is often rleej) enough, so that no battens are rr'quired. 

Hearn forms .ue ('rertod first, then jiosts and ledgers <*itJier .sejiarati'ly 
or togeth<‘r TIk'S must be sc‘t jiiumb and br.iced in liRth directions. 
To st*t to corrr'ct height a straight-edge can be used 1 unning on the beam 
side ledgers Then the joi.sts and .sheathing are jilaced and the wedges 
are gone over to bring the floor level. 

To strip, the beam sides an* r<*moved lirsl as a unit and the beam 
reshored. The wedges unrler the jiosts are loo.sened and tlie posts and, 
ledgers are remover^ tog(*ther, jnitting in a temporary shore under the 
joists or Iea\ing in a ci*ntrc ledger until tig* joists are removed. If 
double ledgers are u.sed, the nails at tlu* sjiliees wliich should not bo 
driven home- should bo drawn Ix'fore stripinng. 

If the joists are in short lengths, after loosening the wedges they 
can be knocked over and removed with the sheathing without removing 
the ledgers, and these can be wedged up again and left in longer. The 
slab forms should be left in as long as beam bottoms, and when stripped 
one or two lines of posts about 10 ft. apart should be replaced with 
the attached ledgers until the concrete has been poured for at least 28 
days. 

Since the width of the sheathing between beams will be much greater 
than in beam and girder construction, boards .should lie left out here 
and there to allow for swelling, dt if panels are used there should be 
clearance between each panel. 

Open Deck. {Fig. 54.) —Two-inch planks take the place of i-in, 
sheathing, in other respects the construction is much the .same for 
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open decks as for closed decks. The planks should preferably bo one 
length, but may be spliced if necessary with cleats on the underside. 

Ledgersnand posts can be erected separately or together in bents of 
three or four posts, holding them temporarily at the top with a joist. 
The filler will nearly always stop a few inches from the beam sides to 
provide a solid concrete Tee of the total depth of the slab. To provide 
for this Tee, short pieces of plank, an inch or so wider than the width of 
the Tec, have to be inserted between the rib bottoms, and njyled to 
them with heads left projecting. The short pieces should all be ready, 
cut to exact length, and can be used as spacers for the planks, placing a 
plank and short piece alternately. If the short pieces are placed after 
the planks there may be some trouble and time wasted in fitting them 
in. One or two heavy nails will hold the plank to the beam Icdgar and a 
nail at every other joist will hold the joi.sts in place. 

The plank can bt' carried on the beam sides, as in Fig. 53, that is, 
re.sting on the top with J in. clearanct*. A bi'ttcT construction is shown 
in Fig. 54, where the plank butts against the sides and is J in. higher, 
with the beam sides bevelled. It is <*asier to bevel the beam .sides than 
’ the plank The beam sides are held at the bottom witli spikys, as they 
are never very deep. The sides aie often not over 8 in , so one. board 
can be used. Joists generally cover three spans, or are about 16 ft. 
long. 

A method sometimes used (though it is not so good) is to run the 
joists under the centn' of and jiarallel to the jilanks. The plank and 
joist are nailed together to form a unit, and the plunk r^sts on top of 
the beam sides, being about i in. longer each end than the joist. 

The above remarks on stnpiiing apjily also to the open deck. The 
short filler planks should have the nails drawn before stripping, to free 
the planks. When reshoring the ledgers should be jilaced at right angles 
to the ribs, and the posts must be blocked up from the floor. Ledgers 
may be omitted, and the joists carried directly on the posts. About * 
the same amount of timber will be required,,but there will be twice as 
many posts to place, jilumb, and wedge There is an advantage in 
that the joists only have to be levelled, instead of both joists and ledgers. 

Wood Fillers. {Fig. 55 )—lastead of steel removable tiles, or 
when the spacing of the tiles is too great for the standard widths, wood 
forms are often used. ITiey may be economical on a small job, where 
only used once or twice, but if they arc to be used .several times steel 
tiles are nearly always cheaper as there are no repairs and they have 
almost full salvage value. 

The wood form is made of i in. stock nailed to i in. frames, forming 
panels 8 ft., to 10 ft. long. The sides forming the ribs and the ends 
should slope at least 1 in. from top to bottom in order to facilitate strip¬ 
ping. The frames should be about 36 in. apart and made of i in. by 4 in., 
or I in. by 6 in., or they can be made solid with battens. A few diagonal 
braces are useful to prevent buckling. The frame is supported in the 
same way as for metal tile fillers. There may be some difficulty in 



120 . DESIGN OF FOFIMWORK. 

t 

• 

stripping the forms, as they arc liable to stick unless made with a hinge' 
at the top of the frame, which adds greatly to the labour cost, and is not 
worth while unless the forms are carried as more or less permanent plant. 
It will help stripping to have the two end top boards narrow and loose. 

A method of building the forms so that the filler can be stripped without 
disturbing the supports is shown in Fig. 56. The filler joists in this case 
are single boards of the depth required; if a stock size will not suit the 
next widest board can be used and the ends sized down. The joi.st 
bottoms aro 4 in. by 4 in carried on 4 in. by 6 in. ledgers. On the sides 
of the 4 in. by 4 in.’s are nailed 2 in by 2 in. strips—using double-headed 
nails -which support the fillers. Removing these strips enables the 
fillers to be removed without disturbing the joist supports. The length 
of the fillers must be less than the distance apart of the ledgers, say about 

3 ft. to 4 ft. 

Removable Metal Tiles. These are economical lor high buildings 
or very large areas, when they can be used at least four times over, or 
when for architc'ctural reasons a beam ceiling is desired. 

Fig. 57 [a) and [b) shows two methods of building the forms when 
the joist.s,are close together, say about 24 in. So that the tiles will be 
economical for use on different jobs, they are made deep enough to suit 
several different dejiths of joist The joist snjqiort is a i m. by 4 in., 
or whatever width of joist is speciiied, nailed to a 2 in. plank on edge*. 
The tiles overlaj) the joist bottom and at (a) are carried on i in. by 2 in. 
about 18 in apart supported by 1 in. by 2 in. ledgers nailed to the plank. 
Spacers of i m by 2 in. will jirevent the tiles spreading at the bottom. 
To strip, the i in. by 2 in supports are knocked off the ledgers and the 
tiles are sprung out The tiles are made in about 3 ft lengths. At 
(b) the ledgers are 2 in. by 2 in , and i in. by i in. ribbons are used to 
hold the bottom of tbe tiles In either case the plank can be supported 
directly by posts or b}' ledgers to reduce the number of posts. 

For longer spans between joists the method show'n in Fig. 57 (c) 
can be used. The joist supjiort is a 2 in by 6 in. nailed to the top of 

4 in. by 4 in. posts. The tiles are carried on 2 in. by 4 in.'s .supported 
on continuous i in. by b in. 's naih'd to the posts The tiles are also nailed 
—through holes supplied for that purpose to the joist bottom. Double- 
lieaded nails are preferable whenever they are to be pulled before stripping. 

Usually one-and-a-half or two floors of steel tiles are used, so that there 
is always one floor fully formed beneath the floor being poured. The floor 
that is stripped should be reshored. The metal tiles can be removed in two 
to three days for the short spans and four to six days for the long spans. 

Tw'o-Way Joist Construction.—In simple joist constniction the 
joists run in one direction, being carried by two beams or walls. If it 
is desired to distribute the, slab load more equally a “ two-way ” con¬ 
struction is used; that is, the joists nm in two directions at right angles, 
and are supported on four beams or walls. The fillers then, instead of 
being continuous rows, will be square units, or " domes ” as they arc 
generally called. 



RIB FLOORS ^AND FIREPROOFING. 


- 121 * 





















•122 DESIGN OF FOFkwORK. 

This construction is more common with steel fillers than with hollow 
tile because closed ends are required, while the ordinary hollow tiles have 
open ends. If hollow tiles are used the construction is the same as the 
closed deck already described. The load to be carried will be slightly 
greater, as there will be more concrete, sd the supports must be a little 
closer. 

Metal tiles, or “ domes,” about 20 in. square at the base are supported 
on open deck forms, but the construction shown in Fig. 54 is not easily 
adapted for domes because the joist bottoms running in one direction 
must support the bottoms in the direction at right angles, and this is 
not easily done with 2 in. plank. 



IBy permtsston (jf The Trussed Conerete Steed Co> 

Fio. 59 .—Opbn Deck Forms from above, showing “ Florb-tylb *' and “ Hy-rib '* Lath. 


Instead, the construction shown in Fig. 58 can be used. The joist 
bottoms in one direction arc 4 in. by 4 in.’s. To each side of the 4 in. 
by 4 in., and i m. down from the top, is nailed a i in. by 2 in. ledger. 
This ledger carries 1 in. by 8 in.’s at the same distance apart as the 4 in. 
by 4 in.’s, forming the bottoms for the joists in the opposite direction. 
On top of the ledgers, in between the i in. by 8 in.’s, are nailed i in. by 
2 in. fillers, carrying the domes. The 4 in. by 4 in.'s are supported as 
in Fig. 54, but the supports must be closer together because of the greater 
dead load. 

An alternative to this piethod is to substitute for the i in. by 8 in. 
joist bottom a 16-gauge iron plate the width of the joist and supported 
by the dome flanges. In this case the ledgers are 2 in. by 2 in., nailed 
flush with the top of the 4 in. by 4 in., and are continuous, no filler strip 
being required. 
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With either construction the domes can be removed without dis¬ 
turbing the supports. Figs. 59, 60, 61, show construction of forms for 
fixed and removable metal tile fillers manufactured by Trussed Concrete 
Steel Co. 

Estimating Cost. — Closed deck forifis will require about J cu. ft. 
of timlpr per sq. ft. of floor area, and open deck forms about ^ cu. ft. 
per sq. ft. for average conditions. Open deck construction therefore 
requires about 20 per cent, less timber than the closed deck. These 
amounts include posts, bracing, waste, etc. The labour cost is about 
the .same for either method, since with the former there is less timber, 
but the work has to be done more accurately, and with the latter there is 
more timber to handle but erecting it is simpler. There will, however, 
be more salvage of material with the heavier timber of the open 
deck. 

A full set of forms should be estimated for one floor or a floor and a 
half, and these can be used again on upper floors. 

To frame and erect forms for 100 sq ft of floor will require about 5 
hours carpenters’ time and 5 houis labourers' time, and to strip them 
about h hour carpimters’ time and 2 hours labourers’ time. 

Cost of forms tor 100 sq ft of floor (open or closed deck):— 

5 1 hrs carpenter (a . 

7 ., labourer fa' . 

For clo.sed deck, timber required — ioO/'4 = 25 cu. ft. 

„ open „ „ „ = 100/5 = 20 „ „ 

Cleaningl!md hoisting will each require about i hour labourers’ time. 

Ik'ams can be estimated as in beam and girder construction, also 
reshoring. 

The cost of wood fillers should be estimated separately from the 
forms and be compared with the cost of tile or metal fillers. They will 
require about J cu. ft. of timber per sq. ft. of floor area, and it will 
require about 5 hours carpenters’ time and 2 howrs labourers’ time to 
make up sufficient fillers for 100 sq. ft. of floor. 

The cost of forms for wood fillers and removable metal tile is about 
the same as for the open deck in both material and labour. 

Forms for two-way joi.sts will cost about 10 per cent, more in material 
and labour per sq ft. of floor area than the open deck. 


Structural Steel Fireproofing. 

The forms for supporting the concrete fireproofing around a structural 
steel frame {Fig. 62) are built much simpler and lighter than for reinforced 
concrete frames. Cinders gs aggregate instead of stone are used to cut 
down the dead weight of the structure, forming a concrete weighing only 
about 100 lbs. per cu ft., or about two-thirds the weight of stone conaete. 
Little or no live load need be allowed for in designing the forms, as wheel¬ 
ing of concrete is done on runways supported directly by the steel beams. 
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As there is practically always a suspended ceiling beneath the floor and 
other exposed concrete is plastered, the lines and appearance of the con¬ 
crete are not so important, so that strength in bending ratho: than allow¬ 
able deflection will govern the form design. 

The floor forms are always suspended from the steel beams, eliminat¬ 
ing all wood posts, so that the forms do not have to carry the floor 
above as in reinforced concrete construction. Dressed boards, nomin¬ 
ally I in. thick, being the cheapest timber to buy, are used practically 
throughout I Often only one width of board is necessary, being mainly 
governed by the depth required for the joists. The usual widths are 
4 in., 5 in. or 6 in., dressed about | in., with square edges. Having only 
one size to deal with greatly simplifies the timber list and reduces the 
labour.'- Hangers consist of heavy bright wire number 6 or 7. 

The work of erection should be subdivided into placing hangers, 
beam forms, stringers, etc. The general method i.s to carry the beam 
and slab forms by continuous stringers hung from the top flange of the 
beams. 

The floor slab is usually 4 in. thick, of cinder concrete, and will weigh 
about 35<lbs. jxir sq ft. The .span between beams is generally between 
6 ft. and 8 ft. The safe carrying capacity of i in. joists, depending on 
their strength in bending for various spans and spacing, is as follows 

lbs. per 
sq. ft. 

For 5 f^ span, 1 in. by 4 in at 30 in. on centre will carry 25 


at 24 in „ „ „ „ 35 

„ 6 ft. ,, 1 in. by sin. at 30 in. „ „ „ „ 30 

at 24 in. ,, ,, „ . „ 40 

I in. by 0 in. at 30 in „ ,, „ „ 45 

at 24 in. ,. „ „ ., 55 

„ 7 ft. „ I in. by 6 in. at 30 in. „ „ „ 30 

at 24 in. „ „ „ „ 40 

„ 8 ft. „ I in. by 6 in. at 24 in. ., „ „ „ 30 

at 18 in. „ „ „ „ 35 


The span of the joists is the span between supports, not centre to 
centre of the beams. 

The stringers can be the same size and spaced similarly to the joists. 
The slab boards are either laid loose or built into panels. The beam 
sides, where possible, consist of one width of board, but for deep beams 
two or more boards must be nailed together with battens. 

Beam bottoms are also i in. thick and generally single boards. Girder 
bottoms are usually wider,,and require two boards with battens. Wire 
hangers .should be number 6 or 7«bright wire, not black wire. The 
sequence of erection is wire hangers, stringers, beam and girder forms, 
joists and slab panels. 

At (fl) Fig. 62 is shown the construction of the forms when ttie under- 
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side of the beams is nQt hreproofed. It is best suited for shallow beams, 
10.in. or less in depth, so that a 5 in. or 6 in. joist can be used. This 
' S3rstem can be conveniently built in panels 6 ft. to 8 ft. long, nailing 
the joists, beam sides, and slab boards together. The panels ^e then 
carried by 1 in. by 4 in.’s resting loosely on the"stringers. The beam 
sides should be battered for easy stripping. 

Wire hangers should be cut to required length and bent before placing. 
The stringers are pulled up tight against the lower flange of the beam, 
and the ends of the hanger hammered tight up around the .top flange. 
In this case both legs of the hanger are shown carried over tl?e top flange. 



[Bjf ptrmvHm of He TIumpson-Slamtl Co. 
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but the more usual construction is shown at (6). The length of the 
hooks under the top flange should be about 4 in. 

It is more usual to encase the entire beam in concrete, and the best 
construction for the forms is shown at (b), Fig. 62. In thi.s case the 
joists are carried on L-shape supports, resting loosely on the stringers;. 
the horizontal leg may be 4 in. to 6 in. and both legs arc nailed together. 
The advantage of this method of joist support is that the span of the 
jmst is reduced^ and the joists need not t^^cut to the exact distance 
between beam sides as is necessary when they are carried by ledgers 
nailed to the sides. By placing the joists on a skew their lengths can 
vary an inch or so and they can be wedged against the sides, thus keeping ’ 
them in place without nailing and also holding the sides from bulging. 
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The slab boards may be loose or made into panels, in which case the two 
outside boards should be loose. 

The usual construction for the hangers is to loop one end over the 
stringer and the other end over the top flange, hammering it well under 
the flange. The hangers pass between ‘the bottom and side forms. 
Spreaders i in. by i in. should be used at intervals to space the forms 
from the bottom and .sides of the steel beam. 

Stripping in either method of construction consists merely in cutting 
the hangers and lowering the forms. 

If the beam is so deep that two ordinary width boards arc not suffi¬ 
cient to form the joists and vertical leg of the joist support, the joists 
are then carried as at (r) on a ledger nailed to the sides. The girder 
form shown at [d) consists of side and bottom panels made up with 
I in. by 4 in. cleats, 24 in. to 30 in. apart. The wire hangers pass 
through and under the bottom cleats and the legs are vertical, and are 
bent around the top flange. The holes in the cleats should not be 
m a line parallel to the sides, but one hole should be near one edge and 
the other hole near the opposite edge; that is, the wire passes diagonally 
under thg cleat. The top of the girder is lu'ld from bulging by wire 
ties around the side cleats, or it can be braced back diagonally to the 
beam .sides. If the joists are carried on girder sides the construction 
will be as at (c.) 

Column forms are built much lighter than in reinforced concrete 
construction, as the pressure will be much less. Generally the sides 
are panels o£ i in. boards cleated together every 24 in. to 30 in. The 
yokes are loose and can be 2 in by 4 in nailed together as at (e), 
or wedged together as at (/) /''/g 62. The latter method requires 
more labour cutting and fitting the w'edges and stop blocks, but is much 
easier to strip. Patent adjustable column clamps are often used in place 
of wood clamps. 

Connection of beams to girders and girders to columns can be made 
as previously described, using i in. stock instead o^ 2 in. 

Stripping of beams and girders can be done in two to three days, 
and slabs in three to seven da5's 

If stone concrete is used instead of cinder concrete the same methods 
of construction can be used, although since the dead load will be greater 
all the forms must be correspondingly heavier, and instead of wires, 
bolts will be required hooked on the lower or top flange with washer and 
nut under the beam bottom cleat. 

Estimating Cost. —From \ to J of a cu. ft. of timber should 
be allowed per sq. ft. of total contact area, including slab, beams, and 
columns; this will include waste. In high buildings sufficient timber 
should be provided to fornj from two to three whole floors. 

The labour cost will vary greatly with the experience of the contractor' 
in this class of work and with the size of the job and speed required. 
It will \-ary from as high as the cost of forms for reinforced concrete beam 
and girder construction, as given in Chapter IX, to about 25 or 30 per cent. 
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less than this. In America this work is largely handled by firms who 
specialise in fireproofing structural steel as sub-contractors, doing no 
other part of the work. Since these firms have experienced men who 
do nothing but build forms for structural steel fireproofing they can 
obtain much lower costs than the general contractor, the average cost 
being about 30 jx^r cent, less than that given in Chapter IX. 



CHAPTER XL 

MISCELLANEOUS FORMS IN BUILDING 
' CONSTRUCTION. 

Stair Forms. 

Stairs arc designed to be self-supporting longitudinally from floor to 
floor or floor to landing, or across from wall to wall. The former method 
is more common when the whole frame of the building is concrete, and 
tlie latt(T when the floors only are concrete supported by brick bearing- 
walls. 

The stairs may be a straight run from floor to floor {Fig. 64), but jnore 
often tluTj is an intermediate landing {Ftg. 64, dotted lines). Usually 
the stairs are not pouied until after all the floors are completed, making 
this a sejiaiatc operation from ground floor to roof. This saves time in 
Iiouring the main floors. 

With stiaight runs from floor to floor ledges and keys are left in the 
flooi beams to support the stair slab. 

In order tnat the risers in each flight may come vertically over each 
other It is best to leave the stair ojiening a few inches wider than actually 
requiied to allow for adjustment horizontally; this clearance is shown 
as 0 in. in Fig 64, 3 in. top and bottom. If the opening is made the 
exact .size it is difficult to carry the edges up plumb throughout a high 
building. 

The sloping slab is supported on 4 in. by 4 in. joints and ledgers. The 
posts should jireferably be as nearly at right-angles to the ledgers as 
possible, with wedges between, but may be placed vertical if cleated to 
the ledgers and well cro.ss-braced. 

The side forms, or stringers, are tut out of 2-in. plank from 10 in. to 
12 in. deep, as required. To these are nailed the riser forms, also of 
2-in. plank. 

On straight runs the stringers are cut as shown in Fig. 66, the dotted 
lines indicating the full plank and the solid lines the cuts. Startin§ 
from one upper corner of the plank, the length of the tread and riser is 
marked out successively, the top of each riser being on the edge of the 
plank. The clearance allowed—this should be measured from the actual 
opening—is then marked off and the plank sawn through parallel to 
the ri.sers. « 

WTien there is a landing the clearance will only occur at the floor 
line, and at the landing the stringer ends at the junction of the s air 
and landing slabs, and a plank the depth of the landjng slab is cleated on. 
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The stringers are set in position on the sheathing, and may be nailed in 
place or held by a i-in. ribbon. 

The whole form is wedged up to the correct height. When there is a 
landing there should be a joist at the junction of the slabs. 

The landing sheathing is carried on the beam side with intermediate 
joists as required by the span and thickness of the landing. The landing 
beam is usually poured with the stairs, being supported either by brackets 
built on the columns for that purpose, by independent columns, or by 
hangers frorft.thc beam above at the floor. 

On the face of each stringer is nailed a 2-in. plank to form the riser, 
and of the same depth as the riser. The bottom of these planks should 
be bevelled so that the finisher can get his trowel into the comer, otherwise 
there will be a ridge left on the concrete. If each tread has a slight 
slope for drainage, this slope must be allowed for in laying out the stringer. 

Tlie risers may slope inwards, may be recessed, or have nosings, as 
.shown in Fig. 67. To form these nosings a i-in. filler-piece is nailed to 
the riser plank. 

If the stairs are wide and there is tlanger of the riser planks bulging, 
a long plaVik or 2 in. by 4 m. can be placed on edge across the top of 
the risers nailed to posts wedged b(‘tween the floors. For very wide stairs 
one or more intermediate stringers can be used inverted over the riser 
planks and held in the same way, or the planks can be wired back to 
the under form. 

When the stairs are supported between walls already built {Fig. 65) 
the .slab form will be the same as before, or if built on a fill no form 
is necessary’. Sloping ledges are left in the wall to give bearing to the 
slab. 

The riser forms are supported differently, as they must be hung from 
above. Two 2-in. planks are placed along the walls so that they will 
< clear the risers by 2 in. or 3 in. They are braced together by 4 in. by 
4 in. and wedged, or they can be supported by 4 in. by 4 in. posts at 
each end wedged between floors, or the planks can be bolted to the walls. 

To the planks are nailed 2 in. by 4 in. vertical hangers at distances 
apart equal to the width of tread. Tlic hangers should stop 2 in, or 3 in. 
above the treads. To the hangers are nailed the riser planks, with fillers 
attached when required. The risers must be cut the exact length between 
walls. 

.Stripping the risers can be done in one to two days, but it is advisable 
to leave them longer to protect the edges. 

Cost. —^The cosst of stair forms can be estimated by the flight, by the 
square foot of under surface, or by the lineal foot of riser; the two latter 
methods give about the same result since there is usually about i sq. ft. 
of surface to i lineal foot of riser. An average flight from floor to landing 
will need 40 to 50 sq. ft. of forms, m^ured along the slope, for a 12 ft. 
story height and 4 ft. to 5 ft. width of stairs. 

If the under-form is supported, each square foot will require about 
, J cu. ft. of timber, including stringers and risers. If the stairs or steps 
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are built on a fill, no under-fonn being required, about J cu. ft. jier sq. ft. 
should be allowed. 

The lal)our cost is be.st estimated by the flight from floor to landing. 
An average flight, as above, will be a day's work for two carpenters 
assisted by about |-hour labourers’ time to each hour carpenters' time, 
including erection and stripping 

Cost of I flight of 40 sq. ft.— 

16 hrs. carpenter (fi). --= 

12 hrs. labourei (a).- •* 

20 cu. ft. timber («':. — 

The timber can be used several times over, so that the above amount 
can be divided by the number of times used. • 

For longer or wider flights the cost can be estimated proportionally 
by reducing to a sejuare loot basis. 

Cornice Forms. 

('omices are of so many ditferent designs and shapes that it is only 
possible to describe the main points in the construction of*the forms, 
the actual details being different w’lth each design. If the comice is 
heavy and complicated it is always built separate from the loof slab, 
the wall beams being keyed to receive it. Only the simplest of designs 
IS built with the roof slab, because if it is at all complicated the time 
required to make and place the forms would hold up the pouring of the 
roof; and also, since the forms are expensive* to make, it i» usual to make 
up a minimum length and u.se it over several tunes. 

(ienerally the wall beams are stripped and reshored, but the outside 
and bottom forms may be left on if they are of any assistance in support¬ 
ing the cornice form. 

The method of shoring the comice is very imjxirtant, as most of the 
weight will overhang the building. They .should be placed closer together 
than required for strength, generally fronj 3 ft. to 4 ft. As the posts 
cannot lae placed vertically under the load there will always be some 
bending action, so that at least two posts should be used and well-cross- 
braced together. The shores wiM be what are known as " outrigger 
shores," the outside arm being longer than the inside arm. They consist 
of two or more posts, cap and braces. 

Various types of outrigger shores are shown in Fig. 68. The type 
to use will depend mainly on the design of the cornice. If the comice 
is vertical (that is, if most of the weight comes on the roof), type (a), 
(c) or (d) can be used. If the cornice overhangs, types (6) and (e) would 
be better. The main points to remember are that the posts will tend to 
be pulled outwards at the top and pushed inwards at the bottom. When 
a vertical and inclined post butt»at the bottom, as at {a) and {e), kick 
blocks should be bolted to the floor to take the thmst. At {e) is shown 
a good form of shore, where the inside post is wedged against the roof 
slab, and the cap consists of two planks nailed to the sides of the posts. 
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V Cornice /arms » 
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Batter posts should l)e under the point of application of the load, so that 
there is little bending in the cap. All posts should be on wedges. 

On top of the shores are set the built-up frames to whidi is nailed 
I in. or li in. sheathing. The type of frame will vary with the design 
of the comice, but is generally made up of in. or 2 in. by 4 in. nailed 
together and braced. At (a), (6) and (c), Fig. 69, are shown typical 
designs. When there is only one vertical leg to the frame, as at {«), it 
should be braced from the cap and tied back to the roof. In this design 
the curved portion is a separate unit lightly nailed to the side and bottom. 
If the form is to be stripped quickly the piece forming the inset should 
be nailed on lightly so that it will remain in the concrete and protect 
the edges in stopping. A 3-in. by 4-in. wale should be used to hold 
in line the uprights, and when there is any pressuie on the inclined 
brace to the wale the end of the cap should be braced back to the 
posts. 

When the frames are wide, as at (6) and (c), wales need not be used, 
but diagonal braces are advisabh' to prevent any tendency of the form 
to be pushed outwards. In dt*signs such as {h) and (c) it is best to 
set the frames on wedges .so that they can be lowered to* clear the 
concrete before swinging them out ; this will prevent corners being 
broken.off. 

When there are undercuts or recesses in vertical faces, as in (6), the 
boards to form the.se should be nailed on lightly to flu* form, so that 
they will remain in the concrete when strijiping. If the nailing is done 
from the outside, leaving the heads projecting, the nails can 4 )e withdrawn 
leaving the inset board loose to enable the form to be lowered. 

At (6) the frame is built to take care of the mam details of the cornice, 
and the remaining details are blocked out with indejx'ndent forms of 
sheathing nailed to 4 in. by 4 in. blocks. This method should be used 
whenever possible, ^s it makes a strong form and there is no exjxuisivo 
labour cutting memjjers to the exact outline of the cornice. 

At (c) the template method is used, tlk‘ 2 in by 6 in. joists being 
cut to the outline. 

Frames should be 18 in. to 24 in. apart, depending on the weight to 
be carried. There should be shore* at alternate frames. Intermediate 
frames are supported by 2-in. continuous jilanks, unless the pressure is 
.mostly horizontal, as at (a), when no support is necessary. Some 
longitudinal bracing is necessary to add stiffness to the form. 

The complete form is usually built up on the ground or on the roof 
in lengths of 6 ft. to 10 ft., depending on the weight. A light hand- 
dmick is necessary for placing the forms and handling them while 
stripping. The back-form of the comice can be held in several ways, 
as shown in F^. 69. Wires anchored arovnd the reinforcing steel in 
the c(mcrete are useful for this pu^xise. 

The length of time the forms should be left before stripping depends 
on the ov^hanging weight. Type {a) could be stripped in two to three 
days, while (b) and (c) should be left a little longer. When the forms 
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are to be used several times a short length can be stripped and immedi¬ 
ately reshored from the main shores. 

When there is a moulded Ixdt-course running around the building the 
forms for it can be built in the same way as for cornices. If it is simple 
it will be cast with the floor, but if elaborate will usually be built after- 
■wartls, keys being left in the concrete to support it. 

Cost.-- Cornice and belt-course forms can only be estimated by 
experience, since they vary so much in design, but they will cost from 
two to four times as much as ordinary beam forms per sq. ft. of contact 
area. 


Sill Forms. 

(’oncrete sills are pouted after the w.Uls arc built and the steel window 
frames set, as they hold the bottom of the frames. The form {ftg. 70) 
is built in two halves, each consisting ot a plank with 2 in. by 4 in. uprights 
attached to form a clamp. A 2 in by 4 m. cross-piece nailed on to the 
top of the uprights holds them the right distance apart and a bolt draws 
them tight against the wall, with spreaders to give a uniform width of 
sill, 'llif*oiit.side plank will have a strip nailed on the bottom to give 
the overhang, ami to this strip is nailed the drip-moulding, which may 
lx* triangular or half round This drip-rnoulding should only be nailed 
on very lightly, as it should stay m the concrete until it can be taken 
out without breaking oft the outside edge of the sill. The sills can be 
stripped within two days. 

Cost.—Die unit cost of sills is usually estimated by the lineal foot of 
sill, w'hich is about equi\alent to i sq. ft. of contact area. A lineal foot 
will require about J cii. It. of timber, but the timber can always be used 
several times. The labour requiiod to place and strip will be about 
10 minutes carpenters’ time plus 10 minutes labourers’ time per lineal foot 
of sill. 

Upturned Beams. 

E.xterior wall beams are often turned up to give more light to the 
building {Fig. 71). The beam and slab should be poured together, so 
the inside form ot the beam must *be supported above the slab. Tlie 
side-form is built in the ordinary w^ay, but a 2-in. plank is nailed on the 
bottom : otherwise the concrete will come up on the inside and make it 
difiicult to strip. Tliis plank must be held down against upw'ard pressure^ 
and this can be done with wires anchored to the reinforcing steel with 
wedges to take up the slack. To support the form above the slab, 
temporary blocks of wood can be used and knocked out during concreting, 
or concrete blocks can be left in the slab. The outer end of the joists 
can be supported on two 2 an. by 6 in., separated as shown, using short 
intermediate joists if necessary to c&t dowm the span of the sheathing 
carrying the extra weight of the beam. 

Cost.—These beams will cost more than interior beams, and an 
allowance of about 25 per cent, more per sq. ft. can be made. 
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Column Mouldings and Ornaments. 

Columns art* sometimes marked out to make the concrete resemble 
cut stone work by nailing to the main form narrow strips of mouldings 
of the desired shape {Fig. 72). Tliese strips should always be bevelled 
for easy stripping. Nailing and mitering the comers of the strips must 
be done very carefully for satisfactory results. The strips should prefer¬ 
ably be nailed on lightly so that they will remain in the concrete, otherwise 
some edges are sure to break off if the strips and forms are removed 
together whije the concrete is still green, and early stripping is desirable 
so that the concrete can be tinislied. With veiy high columns the strips, 
if nailed on lightly, may become dislodged during concreting, so in this 
case should be more securely nailed and the forms left on longer. The 
forms s'lionid be well oiled. 

Inset ornaments and slots are made by cutting boards to the desired 
shape and nailing them to the main form. 

Projecting ornaments, especially if they are elaborate, are generally 
more e*a.sily handled by jirecasting and setting the finished moulding in 
recesses in the concrete or bj- setting in the forms and jxniring around 
them. * 

Cost.— Die cost of ornamental work can \’ary enormously, and can 
only be estimated by experience. Any elaborate form should be made 
in a joiner's shop, and definite cjuotations can be obtained. 

« Back-forms. 

When a concrete slab is jioured on a slope, as, for instance, for a saw¬ 
tooth roof, a top or back-form [Fig. 7J) is reijuired to hold the upper 
surface of the concrete. It is hardly possible to pour concrete on a slope 
greater than thirty degrees with only an iinder-foirn, and even on this 
slope greAt care is requiietl to jirevent the conende from running down 
the slojie. It is not jiractical to build the form tj^e full height before 
concreting, as it would be almost impossible to pour a thin slab from 
the top without getting numerous voids. 

The form is best built in panels 2 ft. to 3 ft. wide and as long as the 
slab, or if this is too great in about*i2 ft. lengths. 

Using two panels, the first is placed and wired down to the reinforcing 
steel, using 1 in. sq. spacer blocks to hold it above the lower form ; then 
the foim IS filled to the top and the next panel is nailed on, wire 3 down, 
and filled. The lower panel is then removed after drawing the nails and 
cutting the wires, moved ahead of the second one and so on. Using three 
panels the concrete is poured to the top of the third before removing 
the lowest one, allowing a little more time for the concrete to set.» 

In warm weather a panel can be removed m an hour, but the concrete 
should not be trowelled immediately as this would cause a tendency . 
to flow. 

The panels can be made most economically with the greatest salvage 
of material by running the boards lengthways ih long lengths with x in. 
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by 4 in. battens about 30 in. apart, and on each edge is naUed a 2 in. by 
4 in. on edge, notched over the battens so that they can be nailed to the 
boards. These 2 in. by 4 in. act as wales and for nailing tlic panels 
together {Fig. 73 {b)). By this method the battens arc the only short 
pieces required. • 

Another method {Fig. 73 (<i)) is to run the boards the height of the 
panel with 2 in. by 4 in. on each edge and no battens, but this means 
cutting up the boards into short lengths with consequent waste. 

The wires can be tied around the joists of the lower form, but this 
is more expensive as holes have to be bored ; and it is not necessary, as 
the pressure on the back-form is small. There should be a wire to about 
every 15 sq. ft. The back-forms should bt“ oiled as well as the lower 
form, as they have to be stripped quickly • 

Cost.—The cost of back-forms is about the same as the cost of making, 
placing and stripping slab-panel forms in beam and girder construction. 


Curved Slab-forms. 

Curved slab-forms {Ftg. 74) can be built in two ways. Either the 
joists themselves can be cut to the required radius and supported by 
straight ledgers, or the joists can be straight and the ledgers cut to the 
radius. The first method would be better for a sharp curve and small 
area, and the latter for a flat curve and a large area. 

At {a) the joists of 2-in. plank are cut as described for curved walls, 
nailed together, and notched at the joints to give square Clearings for 
the ledgers. The posts should be well-cross-braced to take tho side 
thrust. 

At (6) the joists arc toe-nailed to the curved ledgers to hold them 
in place. The ledgers should be notched to give the jjosts square In aring, 
or the tops of the posts can be shaped, or weclges can be used. Instead of 
cutting the ledgers they can be left square and curved strips can be 
nailed on the upper edge. By this means thcreus full salvage of the ledgers 
and only the strips arc wasted. 

In power-house construction there is often the problem of building 
forms for a slab that is flat at one end^nd curved at the other, the curva¬ 
ture gradually increasing from a straight line to a maximum eprvature. 
This can be done by using straight joists resting on a horizontal ledger 
at one efid and a curved ledger at the other. 'Hie joists are placed at 
right-angles to the curved ledger. The ends of the joists on the horizontal 
ledger must be bevelled to give a square bearing. The joists should 
preferably be heavy and so close that an intermediate ledger will not 
be required. If a board is laid over the joists it will bear only on one 
edge of each joist, so that the top of each joist,should be bevelled to give 
full, or nearly full, bearing to the boards. Square-edge boards should 
be used for sheathing; as msmy boards as possible are nailed together, 
then a space is left afterwards to be filled with a special board, as described 
for sloping curved walls. The change in curvature in the width of a 
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board will be so slight the small ridges formed in the concrete will hardly 
be noticeable. 

Cost.—Curved slab-forms will require about I cu. ft. of timber per 
sq. ft. of contact area, which can be divided by the number of times used. 
To erect and strip loo sq. ft. of forms Will require about 12 hours car¬ 
penters’ time and 10 hours labourers’ time. 



CHAPTER XII. 


FORMS FOR FLAT SLAB CONSTRUCTION. 

A SYSTEM of floor dt'sign wliich is by far the most jmpular in America 
for industrial buildings, but which at present is little known in this 
country, is the *' flat slab ” or ” mushroom slab ” floor. Wlittii the 
many advantages of this system bectmie recoguisid it will undoubtedly 
largely .supersede the onlinary beam and girder design, as it has done 
in America for sevc'ral years. 

The formwork is much simpler to build, as there are large flat areas 
with no beams; the only beams occur along the outside walls and 
around elevator and stair wells. Over the column there is .usually, 
though not necessarily, a square “ depu'ssed panel ” or ‘‘ drop head,” 
a few inches deeper than the slab The interior columns are almost 
always round, because that is tlu* liest sha])e strueturallj'. 

The columns arc always finisht*<l with coiie-sha|K' caps beneath the 
depressed panel, which may bt* either plain or moulded, ('olumn caps, 
when round, are always built with sheet-metal st»'el forms. Occasionally 
square and octagonal columns are usi*d, built with wood forms. 

The depressed panel form is generally built as a separate unit, and so 
can be considered apart from the main slab forms. 

At the wall columns are generally, but not necessarily, half-depr(*s.scd 
panels with brackets on the columns. 

There are two main systems of building the forms, which can be 
called the ” one-way * and the ” two-way ” »s57stems. In the one-way 
system the joists arc directly carried on the posts and in the two-way 
on ledgers. The latter, Jis .seen in Chaptc'r V, takes le.ss timber than 
the former. • 

As regards labour cost, contractors usually have their individual 
preference, generally because they are more used to on<‘ system than 
the other. Some will claim that the one-way .system is cheaper becau.se 
the timbers run in only one direction and there is only one row to level 
up; and others claim that the two-way system is cheaper because there 
is less timber to handle. The two-way is the more common method. 

In either method the floor boards are built into panels, and the main 
problem is to lay out these panels to the bqst advantage with as few 
different sizes as possible. • 

The joists may or may not be attached to the boards; usually they 
are not attached, the boards being held together with light battens 
about 3 ft. apart. Floor bays in this type of construction are made as 
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nearly square as possible ; about 20 ft. is the standard spacing of columns, 
though it may vary*from 16 ft. to 25 ft. The side of the depressed 
panel is always about one-third of the column spacing, and the diameter 
of the column cap always about 0*225 spacing of the columns. 

A typical floor bay should be laid oil’t oft paper before deciding on 
the size of the panels, spacing of joists, posts, etc. 

It is j)refcrable t(j have joists, ledgers and posts spaced sjTnmetrically 
in each bay, but this cannot always be done with jwsts and at the same 
time use them to the best advantage. Several different combinations 
of timber sizes could be u.sed to carry the load, but it has been found 
from expiTience that the best sizes to use arc timbers 3 in. to 4 in. wide 
and 4 in. to 0 in deej) 1 )eep j)lanks are not advisable for joists or ledgers, 
as they are less stabli* and more liable to twist out of shape. Floor 
panels are always i in. stock, tongued and grooved 

There will be the choice of using large sizes and panels with fewer 
pieces to handle, or small sizes and panels with correspondingly more 
separate jiieces to handle. In general, the larger the building the larger 
can be the timbers and panels that can he used economically, as there 
will be More facilities for handling them both with labour and plant. 
The largi'r the sizes thi‘ faster will be the work of (‘rection. 

Jdoor panels and drop head panels are tlie only units made up in 
advanct*. 

As with olhei types of construction, and perhaps more so with flat- 
slab floors, since short jueces cannot be .so easily u.sed up, the timber 
should be otdered from a sketch ol a typical bay .so that the lengths 
can be specilied for the least waste. For instance, if the economical 
sjiacing of the posts is 6 ft., the ledgers .should be 12 ft. long; if they 
come on the job 10 ft. the jiosts must be 5 ft. on centres and 20 per 
cent, more jmsts will be required , or if they are 14 ft. long 15 jier cent, 
of each ledger must be wjisted. It is very ea.sy to overrun the timber 
bill by 15 to 25 pi'r cent. Also the forms should4be built to a definite 
design so that tin- right sizes and lengths are used in the right place. 

One-Way System 75)-—No ledgers are used, the joists being 
.supported directly on thi‘ posts. The spacing of the joists is governed 
by the maximum allowable span of the sheathing {Table i), and the spacing 
of the posts by the allowable span of the joists (Table 4). The spacings 
may have to be varied slightly for .symmetrical sjiacing. The spacing 
of the joists should preferably be an even division of the spacing of the 
columns, placing a joist on each centre line. The sizes commonly used 
are 3 in. ,by 6 in. or 8 in. 

i'»g. 75 shows a typical lay-out for 20-ft. square bays. Laying out 
the floor panels .sj’mmctrically, there will be four panels 3 ft. 6 in. wide 
by 0 ft. 6 in. long and eight panels 3 ft. 3 in. wide by fb ft. long. 
Panels usually run acro.ss the building and the joists lengthwise. Of 
course, several other combinations of panels can be used, but the end 
joints must be over a joist and it is preferable that the joints be on the 
centre line of the bay where the construction joints will be. It is usual 
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to strip back to a construction joint, and if the panels overlap a joint 
they cannot be stripped. Posts must be set on wedges for adjustment 
and stripping and be cross-braced. Each post should be braced across 
the building, and every other post braced longitudinally. Since the 
posts are close together in this system and do not carry their maximum 
load, the bracing is less important than with the two-way design. 

There should be sills under the posts when they set on the ground. 
Joists should be cleated to the posts, the cleat being permanently nailed 
to the po.st and temporarily to the joist. 

In erection the posts are spaced and set first, with the wedges under 
them, and cross-braced. Using the braces as scaffolds the joists are 
next set and the posts wedged up to the required elevation. Last, the 
floor panels are laid loosely on the joists. At the wall beams the panels 
and joists are carried on the beam sides. The depressed panel forms are 
built separately as described later. 

Two-Way System {Ftg. 76).—In this construction the joists can be 
smaller and are carried by ledgers, which ri'duce the number of j)osts 
required. 

Several different arrangements can be used, that shown in Fig. 76 
being on(j of the commonest. A rectangular bay is .shown, but it would 
be similar for a square bay. The panels can be made larger or smaller 
as desired, but should be as large as can be conveniently handled. The 
joists are usually 3 in. by 4 in and the ledgers 4 in. by 6 in. carried on 
4 in. by 4 in. posts 

The panfls run across the building, as before. The joists butt or 
lap on the centre line of the bay and run in the longest direction. If 
the joists are lapped the panels in the centre of the bay will be staggered 
the width of the joist. There is one short line of ledgers between the 
depressed panels and three long continuous lines in the centre of the 
bays. 

The bents, or posts and ledgers cleated together, are set up first 
on wedges, each po.st cross-braced in both directions. The joists are 
laid loosely on the ledgers and the posts wedged up to correct height; 
finally the panels are placed, also without nailing down. In the two 
designs shown {Figs. 75 and 76), tluf floor panels are nailed together with 
light battens and the joists are loose. Figs. 77 and 78 show photographs 
of forms built by the two-way system, in various stages of construction. 
Joists nailed to the sheathing in place of the battens can be used advan¬ 
tageously under certain' conditions. Such conditions are shown in Fig. 
79, where the bays arc 21 ft. square and the depressed panel 7 ft. square, 
the ratio between the side of the depressed panel and that of the bay 
being such that all floor panels can be exactly the same size. For these 
conditions it is necessary that the bay and depressed panel be square 
and that the side of the depressed panel is one-third, two-fifths, three- 
sevenths or three-eighths of the side of the bay. The depressed panel 
can always be designed to meet these conditions; it is never less than 
one-third and seldom greater than two-fifths. 
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The panels an* made up with a joist on each edge and one in the centre 
running in the long direction with the boards running across. The 
joists can bo 2 in. by 4 in. or 2 in. by 6 in., depending on the span and 
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Fig 78 Flat Slab ” Forms (Latkr View of Forms shown in Fio. 77). 

slab thickness. Since all panels are th« same size they are interchangeable 
and can be rapidly handled, thus speeding up the work. There is a 
disadvantage, however, in that the boards have to be cut up in short 
lengths, but this does not matter in a large building where the panels 
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can be used many times over as there would be little salvage however 
they were cut. 

It vriU be noticed that in the centre of the bay there are three con- 
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tinuous rows of ledgers, as in Ftg. yb* but .that between the depressed 
panels there are three short rovw running in the opposite direction. 
This is less convenient for ’stripping if the panels are to be used again 
on the same floor, or if part of the panels are required on the floor above 
before the whole floor can be stripped. 
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. Stripping and Re-shoring. 

It is common practice (though not good) to strip a bay entirely and 
re-shore with a post midway between each column and one in the centre 
of the bay. As in warm weather the forms are stripped in four to five 
days, removing the shores entirely from h. bay is dangerous, as it is 
liable to cause excessive deflection because the slab is thin and the span 
long, and wedging back the shores may reverse the stress in the concrete 
and cause cracks in the top of the slab. 

It is best^to build in at least one permanent shore, which should 
be a 0-in. by 6-in., and which is not removed while stripping but is left 
in for about 28 days. Using one permanent .shore, it is placed in the 
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centre of the bay and the slab is aKo re-shored with a po.st on the centre 
lines of the columns midway between the depressed panels. Re-shoring 
at these points is not so dangerous because there should be steel in the 
top of the slab. 

The {XTinanent shore consists of a 6-in. by 6-in. post on wedges 
with a board nailed on the top for a cap. The cap can be 12 in. square, 
or, better still, 12 in. wide and as long as the spacing of the joists. The 
cap is part of the floor sheathing and the panels are notched out around 
it (Figs. 75, 76, and 80). The shore thus has no connection with any 
other part of the forms, and these can be stripped independently. 

When all five shores are built in permanently they can help to sup¬ 
port the forms and do away with a corresponding number of posts. 
In this case the shores are made as alF)ve, but they have a 4-in. by fi-in. 
cleat nailed on one side to serve as a bracket to carry the ledger, which 
is set on wedges on top of the cleat so that it can stripped without 
disturbing the shore (Fig. 81). 
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The centre line of the bracket, and not that of the sjiore, will be on 
the centre line of the sliores. 

It is important that the shores be placed vertically over each other 
in successive stories to prevent concentrated loads coming on the thin 
slab. • 

In a multiple-htory building the two floors below the floor being 
poured should have all permanent or re-shorcs in place, and the story 
next below should have one permanent shore at the centre of each bay. 
The pennanent shore at the centre of the bav should never, be removed 
under 28 days, or longer in cold weather. * 



F/ 'o S/. /^r/r70nen/‘Scores. 


The importance of re-shoring and permanent shores cannot be over- 
<'!nphasised, especially in rapid construction More failures are due to 
improper and insufficient shoring than to any other caus«\ 

Depressed Panel or DropiHead Form. 

This is usually built as a separate unit ; it is erected first and carries 
the floor panels. It can be constructed in sevenil different ways, but 
generally consists of a four-post ^jent braced together in the form of 
a square with a ledger nailed on two opposite sides to carry the joists 
and sheathing. On top of the sheathing are the side forms to the depre.ssed 
panel, generally made of 2 in. by 4 in.'s. A hole is cut in the .sheathing 
to receive the cap form. 

The sheathing is built up into one panel with i-in. by 4-in. cleats, the 
hole for the cap is marked out and sawn, and the panel is then sawn 
through the centre, the joint being parallel to the direction of the boards ; 
this is so that it can be stripped easily {fig. 75). 

Sometimes the joists ate naildfi to the sheathing, in which case they ■ 
take the place of the cleats and are 2 in. or 3 in. by 4 in., depending 
on the span and weight of slab. In this case the joint is cut across the 
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sheathing {Fig.^ 76), and there is a cleat on each side of the joint and 
flush with the edges of the sheathing. The inside ends of this joint 
nmst be supported by posts. 

Diagonal joists or cleats must be used to cut down the span of the 
sheathing when using round caps. # 

The four {)osts are set a little inside the comers of the depressed panel, 
and the two ledgers, generally 2 in. by 6 in. or 8 in,, are nailed on the 
outside of the jx)sts, the other two sides being braced at the top. The 
four-post bent should be cross-braced diagonally and horizontally braced 
at the bottom. 

The side forms are often cut on a bevel, and they carry the main 
llcwr ])anels. 

It is .almost universal practice to use round steel column and cap 
forms, and since the depressed jianel is erected before the cap the panel 
should be made a few inches larger in each dinrtion than actually required 
to allow for adjustment and ci>ntering over the column The hole in the 
panel should be cut slightly larger than the cap, as the cap form has to 
lie slipped through it. 

Although this is the commonest way of building^ the* di'pressed panel 
form some aintractois prefer to make use of the mam floor joists instead 
of building the form independently. A method of doing this with the 
one-way de.sign is shown in Fig. 82. Two rows of joists are placed a dis¬ 
tance apait equal to the side of the depressed panel. These are set accur¬ 
ately and ahead of the other rows of joists At each column a 2 in. by 
.2 in., or 2 in. 4 m if the joist is di-ep enough, is nailed on to the bottom 
of the joists at the d('j)th of tin* drop. The dejiressed jianel-form is 
made up as shown on 2-m by 4-111. cleats or joists and in two halves, 
the outside joists being about j m fiom the edge of the boards. The 
panel is made the exact si/r m one direction and a few inches longer in 
the other 111 otdei to (arr\ the side form, or it can be made the exact 
* size in both diiections and the side form nailed to the ends of the main 
joists. \Mien the panel is set it is shored by a post at each joint and one 
in each corner under 3-in. by 4-in. ledgers carrying the ends of the joists. 
It is best to use bevel strijis in the corners to give neat lines. 

Using this .s\Mem the tonns can be erected faster than with the separ¬ 
ate bent system, but the work has to be done more accurately as there 
is no leeway for adjustment ovei the column. 

To strip, the 2 in. by 2 in.’s are removed and the depressed panel 
form is then indejxnidcnt of the main forms, and being in two pieces 
is easily stripped. In any method the depressed panel is stripped before 
the main slab. 


Column Gaps. 

* 

All interior columns finish with a cone-shape cap, the sides making 
an angle of 45 degrees with the vertical. ‘Being usually round, steel 
forms are used The top of the form is turned over to form a Up which 
rests on the sheathing; the lower end is attached to the steel column 
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form. In this method the depressed panel has to lx* stripjHHi before the 
cap. To avoid this, as sometimes the steel form is requirtM lirst, another 
method is to set the lip flush with the top of the slieathing, resting on 
an angle-iron ring carried on blocks nailed to tiller pieces on the under¬ 
side of the sheathing. By r^oving these blocks the steel form can be 



stripped independent of the depressed panel form. In another method 
the lip is replaced by an independent iron ring, which forms a neat joint, 
the top of the steel form being supported By blocks nailed to the joists 

{Ftg. 83). 

With square columns the caps will also be square, and they are gener¬ 
ally made in wood, thoi^h steel forms for column and cap can be obtained. 
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Tliey are generally only used when a square column and cap is desirable, 
as when it is nec»‘ssary to attach cork insulation in cold-storage plants. 
The cap form is then really an inverted sloping side footing form, and is 
built similarly {Fiffi,. 76 and 84, also Fig. ii, Chapter VI). 

Other shapes, such as octagonal and ornamental moulded caps, can 
be obtained in steel. 

The top diameter of the cap and the slope of the sides remain the 
same on all floors, so that the form has to be lengthened out at the bottom 
as the size, of the column d«‘crt*ases. 

f 

Round Steel Column Forms. 

It is convenient to consider round steel coluinii forms here since 
they are nearlv alwavs a jiart ol “ flat slab ” construction The moulds 




may be bought outright but are moie often hired for a particular job. 
The election of them is oftt'ii let to the lirm from whom they are hired 
as they carry e.vperienced erectors, plough there is nothing comjilicated 
about their election They au' iTccted in sections, consisting of .sheet 
metal with angle or plate stiffeners, and the sections are held together 
with steel wedges 01 clamps [Fig. 85 "a" and “ ft ”). 

The moulds are adjustable to height and diameter, and as they can 
be stripped in three or four days it is only necessar\' to have Sufficient 
forms for the lower story with the nece.ssary adjusting pieces for the smaller 
columns above. 


Wall Column Brackets. 

f 

W’all column brackets take the* place jof the interior column cap 
and ai e alwavs used ; they are shown on the left-hand side of Fig. 80. 
Their construction is similar to that shown in Fig. 22 (Chapter VII). 
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Construction without Depressed Panels^. 

UTien the depressed panel is omitted, the slab is made thicker. It 
is standard practice, but not quite so economical a construction unless 
the loads are light and the spans small. It is often used when the owner 
desires a perfectly flat ceiling without the projecting depress<‘d panel. 

Around the cap then’ will be a square panel in two halves as before, 
but it will be carried on the main joists and ledgers, the floor panels 
butting against it. The joists will run right through close to the edge 
of the cap, and when ledgers are used there will be one on each side 
the cap. Usually there will only be one joist that will be short, namely, 
the joist on the centre line of the columns. 
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Steel Forms. 

In the past few years steel forr^s have b(‘en used extensively in flat 
slab construction by firms that sjiecialise in this class of work. Whether 
they can be used economically or not depends on the area to be formed 
and the number of times they can bt: used. 

If forms are to be used more than four times, the use of steel forms 
should be investigated. They are more often hired than bought out¬ 
right, but if a firm is doing a large amount of this kind of work it will 
usually pay to buy them as they have large salvage value, low upkeep, 
and a long life, so that they can be used on several jobs. 

Firms from whom the forms are* bought provide working drawings 
of the forms, bill of timbes, timeVhedules, and a man to .superintend 
erection. This reduces some of the hazard in estimating the cost of the 
forms, as part of the cost will be definitely known. 
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l-K. Sirt—BIAW-KNOX STEEL COLUMN AND CAP FORM. 
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« 

The shape of the building should be regular and the bays uniform 
with odd inches thrown into end bays. 

The deck only will be steel, timber being used for the joists and 
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posts. There is, however, a great saving in Jhe timber required, about 
50 per cent., since the joists are mitf:h farther apart and there are fewer 
posts. * 

Some of the advantages of steel panels are the greater speed of erec¬ 
tion and the smaller number of workmen required, smoother finish 
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I II. 81 .-l’ERM\\E\r SHORES WITH STEEL DECK PANELS 
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and hence less rubbing and pointing, less lire hazard and givater conduc¬ 
tivity of heat, which is important in winter work. Another great advan- 
t!^e is that reshoring is unnecessary, as special shore panels are provided 
which remain in place while the other forms are stripped {Fig. 86). 

The deck panels consist of*pressed steel plates reinforced with steel 
channels and angles. They are made in a few standard sizes varying 
from 12 in. to 24 in. wide and 4 ft. to 8 ft. long. 



Pio. 87. —Blaw-Knox Svmev ok Stkki, Ukck Formi. 


The one-way system is used, the steel panels being carried loosely 
on joists 4 to 6 ft. on centre, supported on 4 in. by 4 in. posts, 5 ft. to 
6 ft. apart. It will be seen, therefore, that there is a great saving in 
the number of posts. 

Drop paiiels can be formed entirely of timber or with steel decking; 
they are supported by either of the methods.shown in Figs. 75 and 82. 
The four posts supporting the 3 ini* by 4 in. ledgers in Fig. 82 may be 
omitted, and the ledgers hung from iron hangers from the main joists. 

F^. 87 shows the Blaw system and Fig. 88 the Deslauriers system 
of metal forms. 
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Estimating Cost. 

It will be assumed that both types of construction will cost the 
'^anie, since it depends on the amount of experience the contractor has 
had with one type or the other, • 

For buildings up to six stories in height it is usual to allow .sufficient 
timlMT to form one complete floor or a floor-and-a-half, and for higher 
buildings to allow for two complete floors. The first floor will require 
\ cu. ft. timber per square foot of floor area, measuring the gross area, 
not deducting for depressed panels and column caps. To this amount 
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should bo added 5 per cent, for each time the form is used after the first. 
If the one-way system is used about 10 per cent, should be added to this 
quantity. 

The labour cost for the-first floor will be about 20 per cent, higher than 
for the floors above, since there will be the panels to make up and the 
timbers to cut to the required length. 

To frame, erect, and strip forms for 100 sq. ft. of the first floor will 
require about lo hours carpenters’ time and 6 hours labourers’ time. 
For the floors above, including hoisting ^nd cleaning, 100 sq. ft. will 
H'quire alx)ut 0 hours carpc'nters’ time and 8 hours labourers’ time. Lower¬ 
ing the timbt'r from the roof will require an additional i hour labourers’ 
time. 
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Cost of loo sq. ft. forms for flat slab, is/ erection : s 

10 hrs. oaqjenter at.-- 

6 hrs. labourer at.- 

Timber -- ’li" 33^ cu ft. at.-- 

For each subsequent erecticbi ■ 

6 hrs. carpenter at.. 

8 hrs. labourer at. 

Timber = 5 |}er cent of xih *i{ . 

Cost of iof> sq. ft. of forms used 4 htnes, iahuUitcd on u'holc area: 

7 hrs. carpenter at. 

7I hrs. lalwurei at . . .... 

Timber - 3<SJ cu ft at ... 

The erection of sti-el column and ca|) foims ran lH*st be estimated 
by the lineal foot of column, ini‘asuic*<l fi<nn tl*K)r to floor, as tin- cost will 
not vary much with the size »tf the column The cap and column are 
taken together, and are not estnnat<*d .sep.n.itely. 

An erector and help-r together should eiect and strip a lo-ft. to 12-ft. 
column and cap form in 4 to 5 hunts 
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FORMS FOR CONDUITS, SEWERS AND CULVERTS. 

Conduits and Sewers. 

Tfif.se may be designed in many different shapes, and in size from 3 ft 
to about 12 ft diameter. The main types are shown in Figs. 89 to 94 
which are all 7-ft. st^wers or conduits The necessary change's in form 
design for variations of th(*se shapes will easily be seen. 

For the smallc'r .sizes the circul.ir shape is usually used Small cir¬ 
cular monolithic sewers are seldom built now, however, as generally it 
will be more economical to use concrete pijH- If thcTe is a considerable 
h'ngth of conduit or sewer to construct tht‘ use of steel forms should 
always be investigated, as they will undoubtedly jirove more economical 
Where concrete pipe and metal forms cannot be obtained, or are not 
economical, wood forms must he made up 

Tlu're are several methods of building the forms, any one of which 
is adajitable to any .shape to a large extent, though there is usually one 
best methofl to .suit a particular sh.ipe 

Till' diffcTc'nces in design are mainly in the nu thods of stripping or 
collapsing the forms so that they can be used repeatedly. This can be 
done in eitlu'r of two ways. Tht' foim can be collapsed, without taking 
it apart, sufficient to clear the concrete*, and then the whole form can 
be pulled through the sewer which has been poured. The other method 
is to take apart the rear sections, pass througl^ the forms ahead and 
rc'-erc'ct, bolting on the last section, and repeating the operation until 
the sewer is completed. 

Usually sufficient forms are built for about 50 ft. of sewer, but on 
big work 100 ft. to 200 ft and even more may be necessary; the size 
of the job and the time allowed will govern this. 

Wlien the forms are collapsc*d and pulled through, they may be built 
in units 50 ft. to 100 ft long, depending on the size of the sewer and 
the methods used to pull them The pulling may be done by a team 
of horses, hoisting engine, windlass, winch, or by block-and-tackle. etc. 
Covering the wcxid sheathing with light sheet metal will lessen the fricticMi 
and give a smoother finished surface. On smaller sewers the sheathing 
is sometimes covered with heavy building or tar paper, which enables 
the form to slip through the paper, while the paper is easily stripped 
oft the concrete. If the forms are taken 'apart they should be built in 
sections longitudinally which are convenient to handle^^^y, 8 ft. to 
X2 ft. long. 
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Using the collapsing method without taking aj^art, alMlie forms are 
tied lip until the whole section is jxmred and has set long enough to be 
stripped. This is a disadvantage when the invert .md sides are jioured 
together and when no outside forms are required, since while the con¬ 
crete is setting no forms can be placed. If. howevei, there are outside 
forms and the invert can be |x)ured ahe.id. theM' f(*rms c.m be stripixxi 
and carried ah<‘ad while the concri'te is setting It the forms are 
designed to take apart and sufficient forms ate built for four or five days’ 
pour, concreting can be continuous, as tlie lear section can be stripped 
and placed ahead while the last section is being pouretl 

In general, smaller sewers ,ire built with collapsible forms and larger 
ones with sectional forms <lesigned to be taken apart in sections. Tin* 
method used will large!} govern the tlesign of the form.s. AnotHer con¬ 
sideration is whether the in\ert can 1 h* puired aheatl of tin* sidis and 
top This Is usualh the c.ise, and is nioie ecoiiomir.d, as tiu' invert 
forms and Cfincrete can be carriid ahead of the sides, saving tiiin* and 
giving a solid foundation for the side foinis Somefmn-s, however, it 
is required that there shall l>e no longitiulinal (onstruction joints, in 
which case the whoK hirm has to be m.ide and set bt'fore cthicreling. 

If the invert has a fairly flat (imatuie, it (an be shajied with a 
tt'mplate without using .i form 

Outside forms ma} or inaN’ not be iiecessarv, depending on W'hether 
the trench can be escavated to the exact si/a- without falling in When 
outside forms an- re<pmed the} will always be stiaight and geni'rally 
vertical, and built and braia'd like ordin.ii}' wall forms, •ihe outside 
of the crown of the sewer ma} be curved, but more ofUm it has two 
straight sloping sides and <i H.it toji While the fitter takes a little 
more concrete, it saves the labour of building outside curved forms 
and using a template for the crown 

The inside forms consist of sheathing nailed to curved ribs The 
sheathing may be i in. to 2 m thick (usually about in ) , the thicker 
sheathing wall stand repeated usages better The width will 1 m‘ 4 m 
to f) in., depending on the curvature It tlie ciirvatuie is sharp the 
sides of the sheathing boards will have to be bevelled. 

The ribs arc cut out of 2-in piahk , for the larger sizes twcj thick¬ 
nesses for each nb may W required The number of the ribs used and 
the curvature will determine tlie width of plank required, 8 in, to 12 in, 
being usual. The spacing of the ribs will lx* governed by the allowable 
span of the sheathing, w'hich will depend on the height of the side walls 
and the thickness at the crown , usually the former governs. The ribs 
are spaced the same throughout the sides and top. The greater the 
spacing of the ribs the fewer joints there will be. At the points where 
the ribs butt or overlap, the depth of the ribs should not bt: less than 
about 6 in. • 

After determining on the* type of the design from the general con¬ 
siderations sdieady mentioned the sewer section should be laid out to 
full size on a platform of i-in. boards cleatod together. The ribs and 

M 
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joints are then marked out and templates made. It must be remembered 
that the radius of the ribs will bo the radius of the section less the thickness 
of the sheathing. 

The method of coiiuecting th»; ribs will dojK-nd mainly on whether 
the form is to be collapsed and pulled through as a whole, or taken apart. 
In the formt*r case some or all of the joints are fixed, while in the latter 
the joints are made with bolts for easy’ taking apart. 

The designs shown are to some extent interchangeable ; that is, 
though shown for one particular shape they may be adapted to one of the 
other shaixjs. They ran also be combined, using parts of different designs 
in the same form. 

Sy and ()o show two methods of building collapsible forms. In 
Fig. 8y the joints are all made by butting the ribs and nailing cleats on 
each sidi*. The sid(* joints are cut on a bevel .so that the sides can slide 
inwards, I'he cleats are naih'd jn'mianently to the sides and temjxirarily 
to the top and bottom ribs, with the lieads of the naiK I**ft j)rojecting, or 
bolts can b«‘ list'd. The sheathing must be bevelled at the same angle as 
the ribs, 

A. strut is wedged against the side ribs. To collapse, the side cleats 
are loosened, the wedges loosened, and a lod with luKiked ends and a 
tunibuckle inserted in the holes in the side iibs to draw them inwaids, 
sliding on the bottom ribs. After being pull'd through the concrete the 
W’edge.s are tightt'iied and the < leats nailed on or bolted. As there will 
be fiiclion over the whole of the invert, with this method it is best to 
cover the loi'in with sheet nu'tal or jia^H'r. This construction is best suited 
to the smaller size sewi'rs. 

If the inveit cannot be poured ahead, the form must be blocked up 
from the foundation, preferaW} with concrete blocks. Sometinu's a 
layei of concrete is placed in the trench and the form blocked up from 
this. The top side forms have the studs sjxiced the same as the side 
walls; the studs overlap and aie nailed or bolte^ together, with braces 
across the top. Sjiacers are used to keep the inner fonn in position and 
to give the required thickness of concrete. 

7 'Vg. qo shows a circular .sewer form with the invert poured ahead. 
The ribs in this ca.se are shown to overlap, with square ends. This .saves 
some labour in cutting the ribs but docs not give so strong a joint as using 
cleats and butting the ends. However, some flexibility of joint is neccs- 
.sary in this design. A brace at the top and bottom, and one in the 
centre if necessary, hold the form to shape, and a rod and tumbuckle 
are used to collap.se the fonii after removing the braces. The form only 
has to be collapsed slightly for it to clear the concrete. Tlie curved top 
foim extends about half-way to the crown and is nailed to the side studs 
or braced back to the sides of the trench. 

Fig. 91 shows a horseshoe-shape sewer or conduit with the invert 
poured s^ead, being shaped with a template. This form is designed in 
five sections to take apart, and in longitudinal sections of 8 ft. to I2 ft. 
On the ends of each rib are nailed 2 in. by 6 in. as shown, through which 
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pass th<‘ § im bolts holding the two side sections together. The top 
section is made with abtmt J in. clearance at each end between the sides, 
and is supporU'd on wc*dges resting on two z in. by 6 in. or larger cross- 
braces bolted to the side libs The lower ends of the sides are wcnlged 
up from the invert. Longitudinal braces’should be nailed over the ribs 
in large sections in order to stiffen the form. A strip of heavy jiaper or 
shei t metal will covei the clearance openings if necessary. 

To strij), the top sfction is lowered and tin* braces removed, leaving 
the sid<*s frei*. :iiul these ( an be unbolted or reniovi'd as a whole. This 
design is suitabU' for the largest si/,e sowers. 

/'■jg. <)2 shows a scinicncular scwi'r with straight sides and curved 
invert The arch cciitn* is a (ombination of the designs in 7 wgs. 89 and 
()i. Tile joints at the haunches can be made similar to that at the crown 
if desired. Foi smallei sewers, insti ad of bolting at the crown they may 
be hinged, the hiiig<*s being fastened to the bottom of the vertic'al 2 in. by 
() in's. 

The side lornis aie oulinaiy \call foims wedged from tin* invert, with 
a 2 in. by b in. nailed on toj) of tin; studs to gi\e bearing to the arch centre 
to which* it is bolted. Struts aie wedgt'd in between the w'alls. 

The side foiriis au‘ stiijiped first. <dtei lenioMiig tin- wedges and bolts. 
To facilitate stiipping the bottom boaid on eadi .sid<* foiiii should be hxise 
or lightly nailed, as this is wln-re the form will tend to stick. It is not 
likelv that the (entre will fall when the sides are sttip]H*d .so long as the 
braces are left on, but a fi-w teinjioiarv shoit-s ma\ be advisable, and 
should always In- used if tin- sides aie struijn-d the da\ aftei pouring, m 
which case, too, the ends of the centre should be re-shored. This form is 
built in longitudinal sections of S ft. to 12 ft., bolted togethei through the 
studs and libs, the sheathing In'iiig cut oft flush at the ends 

It bolts aie used at the cnmn, tin- centre is taken down m tw'o pieces ; 
while if hmgc'd it is removed 111 oin- pii-ci-. To make it easier to remove the 
side forms, the centre nia\' be set on w<‘dges as shown in the altemati\e 
joiiil. In this case the top boaid on the side must project above the 
studs the depth of the- wedge’s Often 111 this design the walls are poured 
ahead and stiipjH’d before sidling the- centre, m which case it is set on 
posts and wedges along the walls. 

Fig. 93 shows an egg-shajie sewc-r, a very common form for the larger 
sizes. It is designed similarly to the form m Fig. 91 with the additioa 
of an invert form in two sections bolted together. The invert is intended 
to be poured with the sides and top. As before, the top ribs arg removed 
fit St. 1 n this case 2 m. s by (> in. are nailed to the bottom of the top section 
to give bearing on the wedges. 

Fig. 94 shows an ordinary Ikix sewer or conduit, and the same design 
may be used for culverts. * A centre ledger and posts will only be neces¬ 
sary’ in the larger sowers, dejiendin^ on the ^l^an and thickness of slab. 
The tops of the side studs should be slightly levelled for easy stripping, 
and the top boards on the sides should be loosely nailed. 

Removing the top wales and cross-braces enables the sides to be 
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stripped ahead of the slab. If there is no centre ledger*1110 slab form 
should be shored before doing this. Another method of suj>iJorting the 
slab form from the .side forms is shown at “ a” and the construction for 
large haunches is shown at “ft.” 

The form.') for any other shajx'd sewer or conduit can be made by one 
of these methods or by combination.s of methods. When jKmiing. the 
concrete should be brought up at the* same rat(‘ at eacli side the crown 
to avoid unequal loading of the form, .lud hence j)ossible distortion and 
throwing out of line. 



Inverts can be .stripped the day after pouring, side walls in one to three 
days, and arches in three to ten days, de|>endiug on the span. l*'lat slabs 
can be stripped in five to twenty days, depimding on the weight and span. 

95 shows a method of supporting the invi.Tt form when it is 
poured ahead. The main thought to bear in mind when designing .sewer 
and conduit forms is to provide for continuous operation of placing forms 
and concrete. • 

Culverts. 

Culverts are of two designs, the arch or box. Either type may lie 
open or closed, depending on whether there is an invert or not. Inverts 
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will require nd forms, any slight curvature there may be being made with 
a template. 

Box culverts, are generally used for spans up to 8 ft. If the span 
exceeds twice the depth it is more economical to build a double culvert 
with a wall down the centre ; in this case the forms can often be 
advantageously used twice. Arch culverts are in general more economical 
for spans greater than 8 ft. Above about 15 ft, span they can be classed 
as bridges, which will be treated in a* later chapter. 

The foriTjs for culverts are usually erected complete, as the structures 
are too .small to make it economical to build them in sections. Although 
.some timber would be saved in doing so, this saving would be more than 
offset by the tune lost, since the slabs are generally thick and so require 



.shoiing for a considerable time befoie they can be stripped and the fonns 
used again. 

If the culvert is long, su .80 ft.tto kh) ft., it may lx‘ economical and 
save time to build the wall forms for one-half the culvert and use them 
twice ; then, while they are lH*ing jxnired in the second half, the slab or 
arch form can he erected in the first half. In this case a full set of slab 
or ardi forms is used, though with short-span arches it is possible to use 
the centres tw'ice, as they can be stripped early. 

Not much timber is .saved by using wall forms twice,^ince there must 
be a row of posts along the walls to carry the slab or arch forms, so that 
the main saving is in the wall sheathing, which is usually not a large 
item. In general it will lie cheaper to build a whole set of forms. ‘This 
being the case, there is not the problem of building the forms in sections 
for easy stripping and re-use as there is in sewer and conduit constructicHi. 

In tht' rase, hovwver, of a l)o,x-cuIvert .so small that ^t would be 
difficult for a man to work in the space to do the stripping, the question 
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of easy stripping becomes important. As large a free opening as possible 
must be left, and there should be few nails to pull or wedges to strike. 
Fig, 96 shows a method of building forms for a small box-culvert. The 
outside form is an ordinary wall form ; a few diagonal braces back to the 
sides of the trench an* advisaWe to hold the form in line. The inside side 
walls are built in sections about 8 ft. long, butted against each other with 
the sheathing nailed to the stud^. The slab form consists of loose boards 
laid on the joists, which are notched over but not nailed to the studs. 
A nail here and there will hold the boards in position. The liottom brace 
is either nailed to the studs or placed betwi'en them, in which case they 
should be cut a littU' longer than the clear '^pan and wedged into place. 
To strip, the joists and braces are knocked out and the side sections 



pulled through the culvert. If the wall form is made in one jiiete it will 
either have to be pulled out as a whole or be taken apart inside* the culvert, 
either of which will be difficult. 

Forms for larger box-culverts require no particular mention, as they 
arc straight wall and slab forms. The method of supporting the joi.stsa>n 
the wall form is shown at “ « ” in Fig. 94. Wedges should preferably be 
over studs. The size and .spacing of the joists will depend on the span 
and weight of the slab {see Tables i and 4)* 

There are several ways of building centres for arch culverts. The 
governing features will be the foundation conditions, presence of water, 
span, and rise of the, arch. The stream oan be diverted around the 
culvert, or carried in a flumf through the culvert, or it may be necessary 
to confine it within cofferdams to enable th«t walls to lx: built in the dry. 

There are three main types of design, illustrated in Figs, gy to 99, 
differing in the methods of supporting the ribs. 
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For small i.pans, up to say 8 ft. or lo ft. [Ftg. 97), the ribs need only 
Ih‘ supported at the walls, with a tie across at the ends. The centres 
arc set on w'edgc.s on top of the wall-form caps. The main requirement 
of this type of centre is stiffness, so the joints in the ribs, which should 
1 h* butt joints with cleats, should be secuiVly nailed. The cleats should 
preferably be also rut to the radius. Sheet-metal strips nailed to the 
wall forms will close the gaps at the wedges, (jr Itxjse hoards can be used. ' 
For longer spans this tvpo of centre would become distoited, as each 
joint would teml to ac t as a hinge, so intermediate shores must be used, 
either one di two at the crown sertion and one at each haunch. 
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Theie are two methods of cariying tlu' shores to the foundation, 
nanielv, either concentrating them on a single centre post, or taking each 
shoie directly to a centio footing. 

Vig. 98 shows the former method. The three 4 in. by 4 in.'.s supporting 
the crown and haunches with the two 2 in. by b in.’s form practically a 
truss, which is supported b\ a central 4 in. bv 4 in. post with wedges at 
the top for adjustment and striking of the ceiitn\ The diagonal members 
should be bevelled at the top for even bearing on the ribs, to which they 
are cleated on both sides, and at the bottom they are nailed to the centre 
jxjst and the horizontal tie. j 

A variation of this design, thoi^h not quite so good, would be to J 
make the horizontal tie a 4 in. by 4 irft cleated to the ends of the ribs and 
to replace the 4 in. by 4 m.’s bv two 2 in. by 4 in. orb in., one on each side^ 
of the ribs. The centre post should st‘t on a .sill, sufficiently large to reduce 
the pressure on the foundation to the required amount. A continuous 
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sill is better than individual sills imder each jK)st. The wall studs carry¬ 
ing the centres should be doubled, or a 4 in. by 4 in. u.sed. This is perhaps 
the commonest type of arch centre for culverts from 8 ft. to 15 ft. sj)an. 
The trusses can 1 m‘ built up complete, set in place and sheath<»d over. 

In F/>. 99 the nbs are buHt in the sanu* wav as in Fifi. 98, but all the 
supports are carried to a central footing. The jHisis aie set as nearly at 
right angles to the rib^ as ixissible, and the wi'dges set on top of the jwsts. 
The two 2 in.'s b\ b in. tie all the jxistsand the ends of the ribs together. 



This method I an be elected more qiiKkly tl^an that shown in Aig. 98, 
and while it will take a little more timber there will be gi(‘ater salvage 
as the 4 in. by 4 in.'s w’ill be in long lengths. 

When in d«)iibt as to the beariUj^value of the foundation a continuous 
concrete footing is advisable', this is alsr) useful to levr*l up an uneven 
rock foundation. The concrete can b<* iKiured into a foirn set in the water 
if necessary, using fairly dry concn*te and preventing the .stream flowing 
through the form by putting .some puddle around it If the foundation is 
gcxid the pexsts c'an 1^ set on timber silLs, built up to give the required 
area. Methods of building sills are dealt with in the chapter on Firidge 
Formwork. 

If the stream is confined to the centre of the culvert it may be 
impossible to use* a cemtre sup|K>rt^so a design such as shown in Ftg. 100 
' may be u.sed. The lower ends of the diagonal iJo,sts should be toe-nailed 
to the horizontal strut, which is clt‘atc‘d to the ends of the ribs. The |)air 
of braces prevent overturning of the short vc-rtical posts. 
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It rarely hai;>pens that there is so much water in the culvert that a truss 
design is necessary, using no intermediate supports, but if this-is the case 
the design in either Fig. 98 or Fig. 100 can be adapted to truss form by 
making the connections of the members more rigid. In a true truss, if 
the centre is loaded symmetrically, there Is little stress in the diagonal 
members and their main purpose is to add stiffness to the ceptre and prevent 
e.xcessive deflection. Distortion and deflection arc the main things to 
avoid, and this can be done by rigid joints and careful pouring of the 
concrete. 

Since culvert forms are seldom used more than once the connections 
are made with nails instead of bolts, generally u.sing 2 od. nails. 
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It is Usual to give a slight camber to the arch to allow for settlement 
and take-up at the bearing points, an I in. to ^ in. will be sufficient for 
culverts. 

. Ribs can be either single or double .2 in. plank. 8 in. to 12 in. deep at 
the centre and alxiut 6 in. deep at the ends. The wider the plank the 
fewer joints will be necessary. They should be cut from a template 
made by la} 4 ng out the arch to full size. 

Single ribs {Fig. 97) will Imj spaced from 24 in. to 30 in. apart, depend¬ 
ing on the alknvable span of the sheathing for the thickness of the slab 
at the crown. With single* ribs i in. sheathing is used. 

Double ribs are formed by nailing*two tlncknesses of plank together, 
breaking joints at the centre of each piece {Fig. 98). One-and-a-half to 
2 in. sheathing is used with double ribs, and the spacing will be 30 in. to 
48 in. There will be less shoring to do with double ribs, but if the corves 
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are sharp the edges of the sheathing boards will probably have to be 
bevelled. 

The size of the rib planks need not be calculated, as 2 in. by 10 in. will 
alwa3rs be heavy enough ; in fact plank ij in. thick will be satisfactory. 

Posts and braces are coftimonly made too heavy. The loads and 
pressures are seldom so grea^ that heavier posts and braces than 4 in. 
by 4 in. and 2 in. by 6 in. are required. It is more important to place 
them correctly, where they will do the most good, tying all parts of the 
form together to give maximum stiffness. 

Abutments are usually |X)ured first to the springing of*the arch and 
allowed to set overnight before pouring the arch. The arch is generally 
poured from the springing on each side to the crown, being careful to 
bring the concrete up at the same rate on ea('h side. This oft^n causes 
trouble, as the concrete tends to push the form inwards at the haunches 
and up at the crown. This must be watched, and the wedges gone over 
and tightened up all the time whi!<' concreting and it may be necessary 
to pour some conen-te at th(‘ ciown to weigh down the form. 

If wide planks cannot lx* obtained for the ribs, or if they are high in 
price, a 2 in by 10 in can be made by nailing a 2 in. by 4 in. mi the edge 
of a 2 in. by 6 in., the former only being cut, giving full salvage of the latter. 

Wedges should be b in wide, S in to 12 in long, and tapering from 
ij in. to i in. 

Arches up to 6 ft. or 8 ft. span can be stripfied in 3 ti) 10 days ; from 

8 ft. to 15 ft. span in 10 to 15 days. Th«* tune must be judged from 

existing climatic conditions. * 

% 

Estimating Cost. 

The building of forms for reinforced concrete buildings has practically 
become standardised, and there is sufficient of this work to enable an 
estimator to compan* unit costs and to obtain checks on his own method, 
of estimating. In pR'vious chapters the metluKl of estimating the various 
units of formwork in building construction luis been given in some detail, 
because with standard methods of construction the costs also should be 
more or less standard for a giv<‘n labour rate, h'or most of the structures 
described in this and succeeding chapters it is, however, impossible to give 
any figures for estimating that could lx- used safely under all conditions 
without the possibility of serious error, so that data for cost estimating 
will only be given where experience has jiroved that the figures will not 
vary greatly with the conditions. 

Sewers, conduits, and culverts, especially the former, are structures 
that vary ccmsiderably in de.slgn, in the methods of building, and in the 
conditions under which they are built, so that unit cost.s may have a wide 
variation. Size of structure also ha.s con.siderablc influence on the cost of 
formwork. In large structures there is time to make changes, improve 
methods, and train workmen that will often cut the labour cost in two. 

The first cost of a sectional form can generally be estimated fairly 
closely, remembering that the quality of the work should in general be 
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better than inr ordinary building forms, since the forms must be built 
.strongly to withstand repeated usage and fit together accurately for easy 
assembly and stripping. 

The cost of moving the forms wll depend on the size of the structure, 
the method of collapsing, and whether theyare moved by hand or power. 
A close study of actual conditions will often .suggest some simple device 
that will cut down the cost of this part of the work. 

Small culvi'rts can lx* comjjared with similar forms in buildings, 
increasing tlu unit cost according to the loial conditions under which the 
work has to lA* built, th(‘se ari' generally less favourable than in buildings. 

The larg(‘r culviTts an- more similar to bridge construction and can be 
estimated similarly, as givr-n in a later chapter. 



CHAPTER XIV. 

FORMS FOR TANKS, SILOS, BINS, STANDPIPES. 

All structun*s having high thm walls, whothor they arc for the purjwst; of 
stoiing watei, silage, giaiii, cement, sand, stone, t‘tc.. aie built by .similar 
methtxis The same general ])iimijiles .ip[)ly whether the str<iictnre is 
squaie, rectangular or round, or whelher it consists of one unit or a numbtT 
of similar units conins ted togethei 

If the walls are scpiaie the forms aie ordinaiy wall lorms and .so require 
no paiticului mention, .ind tiny an i.used as de.siiilH'd m Chapter VIIl 
or m tlie same maimei a" will be destiibed foi circulai forms. 7 '/g. loi 
shows (he outsid<‘ wall forms for squan* gi,»m stoiage bins , tli*‘ foims are 
one stor\ high and i.iisetl a stor\ at a time 

Since most structuies of this t lass aie (ireulai, only i iicular forms will 
be de.sc iibed in detail, though the same metlmds i an be u.si'd for square and 
rectangular stnutines There :ue three imthods of building wooden 
tirculai forms for high thin walls, naiiu'lv, tin* lixed form, the so-called 
“ moving ” form, .ind the ('ontmuously sliding form • 

If the tank or bin is not over lo ft oi 12 It high and the diaiiK'ler is 
not ov(T JO ft , it is rnoie usual to build toriiis foi the whole structure 
rather than to u.se inoMiig forms in this c.ise tlw w'alls will be built with 
ordinary w'all forms, straight or curved, as desdibi'd 111 Chapter VIII. 

Wry high .structures, such as silos, bins, st.indpijies and cliimneys, or 
lower structures with large diam<“t< r, such as oil storage tanks, are built* 
w’ith moving forms 01 continuoiisK sliding forms in order to save mat<‘rial. 

If It IS desired to have no construction joints, as in water tanks and 
standpijH's, so that there wall be less possibihtv of leakage, (ontinuously 
sliding forms are used. • 

If the tyjie of structure is practicalK standard, as with silos, or if the 
size of the job warrants it, as with a battery of storage bins, steel forms 
are the Iiest to use. 

While any form that is moved up the structure m successive lifts is 
'Commonly called a " moving ” form, it must not be confused with a 
" continuous .sliding ” form, which slide's up the concrete continuously 
without stopping after once iK'ing placed, whereas a moving form is 
stationary while being filled with concrete. Whether to u.se one or the 
other is a question of judgment# depending mainly on the size of the 
structure and whether joints are allowed or not. The cost of steel forms 
should be investigated in any case. 

Where the yardage of concrete is small a continuously sliding form is 

173 



174 DESIGN OF FORMWORK. 

not suitable, it cannot be raised as fast as the concrete sets and hence 
its extra cost is not warranted. When the yardage is such that a form 
4 ft. to 6 ft. high will require twenty-four hours to pour, using a small-size 
mixer, then continuous sliding forms can be used to advantage if desired, 
though the structure should be fairly high -or the extra cost of the forms 
and jatks will be more than the time and labour saved. With the use of 
rapid-hardening Portland cement’continuous sliding forms may be used 
for many structures that are now built with moving forms. 





I'lCi lof - Movisi. Uail Fokm> i Stom\ High ton Sqiamb Okain Bins. 


Moving Forms. 

Moving forms can bo used whether the structme is above or below 
ground. If the diameter is not too large, structures below ground can be 
built economically by building a ring on the surface, excavating inside with 
a clamshell, sinking the ring by its own weight, adding another ring, con¬ 
tinuing excavating, and so on until the required depth is reached, the 
fonn always being above ground. Tl^p bottom of the first ring should be 
bevelled to give a cutting edge. * 

The commonest structures for which moving forms are used are rilos, 
though other structures may be built in the same manner. A description 
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of a hilo form will answer also for any kind of storage hin^or water tank, 
if the latter can be jwured with joints. Although a jointles-s .structure 
assures greater safety against leakage' of water, many large standpi})cs 
have been successfully built with moving forms. 

The height of the form should be 2 ft. to 4 ft., .seldom greater ; and if 
galvanised sheet metal i.s u>ed for sheathing it will 1h* governed by the 
cominercuil width of the sheets. 

There are three common methods of taising the forms, cither on a centre 
post, on M'veral jxjsts placed around the wall, 01 by using two lifts of 
forms and raising one on top of the other. The first method can be used 
for only comparatively small structures, the sei'ond is the usual way of 
building silos, and the third is used for large stoiago bins. 

/•Vg. 102 shows a form raisc'd on a 0 in. by 6 in. centre jxikt. This 
method should not he used for diameters greater than 12 ft. or 14 ft. The 
inside and outside foitns an- built in four sections, each a quarter of a. 
ciiele. To obtain the l«*ngths of the* inix'r and outer ribs the half-eiieles 
should be laid out full-size on a level platform. I'irst the framework of a 
section is built up In nailing a 2 in. In 4 in. upright alxMit 4 ft. long lietween 
each pair of ribs and a j m. h\ 4 in. at one end of a section. On ihis frame¬ 
work Is then nailed 20 to 24 gauge galvanised inai, using nail.s. 

. The four sections an* then assembled on tin* foundation, the outside 
sections first, and bolU'd togrther with i in. holts. To the* upiights of two 
op}X)site joints an* bolted two 2 in. by -S in's just above the top of the 
form and long enough to reach the «)uter ujiright, and two similar 2 in. 
by in.’s to the lower ends of tlu* inside njuights These iuemlM*rs carry 
the forms 

Between the.so 2 in. by 8 in., ajid at the exa< t tentn*, is a 0 in. by 6 in. 
jx)st up which the forms ‘•hdc*. On eaeli side of the jxist is placed a 
2 in. by 6 m. about 5 ft. long, nailed to (*aeh 2 in. by 8 in., to form guides 
to keep the form vertical. At the hack of the guides, cleats an* nailed 
top and bottom. Each jjair of interiin diatc* upi iglits is braced bac k to the * 
2 in. by 8 in.'s both at the top and the bottom. Short spreaders are 
nailed to the tops of the ujinghts to stiffen •the form and take the out- 
wrar^ pressure of the concrf*te at the bottom. About two-thirds of the 
radius from the centre holes are bofed through-thc 2 in. by 8 in., through 
which is passed a Icxip of rojx?, or jirefcrably wire cable, and at the back 
of each hole is nailed a sfiacer. 

Various means may be used for raising the forms. In Fig. 102 two 
hand winches are shown l 3 oltedto the jxist, or they can be fastened to the 
foot bicKk. The winches must be equipjx'd with a clutch so that the form 
can be stopped and held at any point. The winches are used with block 
and falls fastened to the top of the post. 

Alter the form has been poured on the foundation, the following day 
the fonn is hoisted up imtil the bottom of the form overlaps the concrete 
about 4 in., when the clutches are locked and the form again filled. Each 
day the form is raised its own height. 

Two large timbers should be bolted to the bottom of the post to 
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distribute the pressure. The hirin ix'ing only 2 ft. high and tlie sheathing 
being metal there is not much friction again.st the lifting of the fonn. It 
is essential that the fonn be level before starting, and that the winches 
are operated at the same rate. It is pos^ible to carry both cables to the 
same winch, but this is liable Jo cause trouble and it is better to ust‘ W^o. 

If a post long enough cannot be obtained the splice must be caivfnily 
made and cleats nailed over flu* )oint after the fonn has jxissed. The 
top of the jxist must be guyed, and as the lorin m«»ves up tlu* jw.st should 
be braced to the sidewall in each dirt'ction even* 10 ft. in height. The 
guys can be removed w'hen they inteilere with the f(>nn.> 

For larger diameter bins tin* foiins bec(une hea\ ier. and it is nece.ssary 
to raise them in sections on se\<*ial jiosts. 

The design most list'd for silo construe turn is that known in tha I'nited 


States as the " I’niversity of Wisconsin 


Mi'thod 


< I 


I'liis is shown in 


/Wji'. lOj. hirst la^ out a cross se< tion of h.ilf the silo to full size on a le\el 
]>latform, using a mai kt r i oiisisting ol .1 j m by 2 in. lath nailed to u stake 
at the centre «)f the ('ircle and with two holes neai the end foi inserting a 
jiencil at distances Irom the nail e<ju,d to the inside .ind oiitsuU* radii (if 
w«)od sheathing is used the thi< km ss must be d«'diicted and addvd lespec- 
tively) Then maik oil the ribs, using two to a (juailei-circle, or more if 
necessarv, so that tlu* iilis (an be <.ul lioin 12 m-wide ])lanks. The 
mmiinum depth of the innei rib at .1 should be 0 m., ami of the outer nb 
at li 4 in. Tlu* ends of the rib .ire cut along the radii, so that they W’ill 
butt together. Wlu’ie the wedges (hcui, on one side the upp<*i and lowoi 
libs will be cut back 2 in , and (»n the otlu i side the uppei i J) will lx* cut 
back 2 in. 


Having cut out sulhcieiit iibs for two i ompK te inner and outer cireles, 
each pair of ribs is joined togi thei b\’ ui>iights. The outside ribs have a 
2 m. by 8 in at eath end ami two 2 111 by 4 ui.'s between, 01 moie if 
necessary, so that they are not moie th.in 2 ft ajiart. The inside iibs hav(* 
a 2 in, by 6 in. at each end and two 2 m. bv 4 in.’s between, the latter 
mortised into the ribs! At the ceiitie of each inside iib is < ut a 4 in. by 
4 in. hole, care lx*mg taken that the holes are vvitiially over one another. 
Tw'O holes for J in. bolts are bored in every end ujiiight, e.\<‘ept next to the 
wedges. • 

The inner form is then assembled m place and boltc'd together, Icjaving 
a 4 in. space at the top at each quarter-point. Over each joint, top and 
bottom, is placed a 2 in. by 6 in. about 2 ft. long, and holes are Ixired 
tlirough for | in. bolts. VV’hen bolted up and squared, 18-gauge galvanised 
iron is nailed on with bd. nails. If one sheet is not long i*nough for two 
rib.s, two sheets should lap 6 in. at the joint. 

Each quarter section of the outside form is assembled, the galvanised 
iron nailed on, and the form placed the width of the wall away from the 
inner form and bolted up. Spacers |,ro used every 4 ft. or 5 ft. to maintain 
an even wall thickness. We^es are cut to fit, as shown, after the form is 
assembled, and when wedg€^d up the form is ready to jxiiir after twfing 
levelled and plumbed. 
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After the concrete has set a 4 in. by 4 in., made up of two pieces of 
2 in. by 4 in. nailed together, is placed through the holes of the inner ribs, 
having square bt'aring on the concrete floor. It is convenient to have 
marked on eacfi post the height of the fonn for successive lifts. Each 
height will be 4 in. le.ss than the depth of the form, .so that the form will 
always lap 4 in. on the concrete below. The hrst marks should be estab¬ 
lished accurateK' with a level Two pieces instead of one arc used for the 
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Short rods placed in holes in the posts under the lowfr r!l>s will hold 
the form in place before bolting and wedging. 

The outside fonn is blocked from outside scaholding. The fonns can 
be raised in several ways, the commonest being by block and tackle 
suspended from cross-arms sailed to the posts. Another method is to 
jack up from the .scaffolding, but this is much slower. One lift a day is 
poured, the form being raise’d on the following day, so th^t at least 12 
hours will elapse before .stripping. After eacit lift tin* jwsts should be 
plumbed and the forms cleaned and jaeferably oiled. 

Sometimes the form i.s built without any outside ribs os uprights, the 
galvanised iron lieing connected at the quarter jHniits by bolts through 
lugs riveted near the edges of the .shw'ts. This, Jiowever, d(X‘s not give 
such a stiff form and is liable ter get out of shape easily, especially if the 
concrete i.s not ixmred evt'uly aiound the wall. 

In building silos it is necessary to providt' d(X)i forms, either for inter¬ 
mittent or continuous d<K»rs The construction of thest* is shown in 
Ag. loj They are nailed to the main fonn, and should be bevelled for 
easy stripping. The 1 in. round rods shown in the form for a continuous 
dtxjr are for th<‘ purpose of reinforcing steel, ladder nings, andior attach¬ 
ing the d<H>r.s. They are plaeed through holes 2. in. from the face of the 
form, and the form is sawn through cm the line of the holes so that it can 
b<‘ strijijied in two parts, or a i in by 2 in. can In* lightly nail<‘d to a 

2 in. by 4 in. While sheet metal is moie easily fitted to the curvature in 
small stiuiturcs and gives a sin<xjtln r tinisli, it should be e«)nipared with 
the cost of w<M)d sheathing when the diameter is large • 

In building structures of greater dianieteis than silos, instead of using 
the f)osts to keep the \ialls plumb, two lifts of foiins aie built, isach alxiut 

3 ft. high 104). The forms an* bolted together through the rib.s, and 
made more substantial than silo forms W'hen the two .sections are filled 
and the concrete in th<* lower section has had at K*ast 12 hours to set, the 
lower form is unbolted a section at a tim«* and res«;t on top of the upper 
form, removing and re.sctting the outer form first One form is then 
always in place against the concrete supjxirting the upper form, being 
held there by friction on the concrete only. 

• * 

Continuous-Sliding Forms. 

On a large job considerable time can be saved by designing the forms 
.so that they can move continuously during concreting. There will be no 
time lost in stripping and resetting the forms. An ordinary moving fonn 
means using a small gang of handy men. If labourers have to be used for 
concreting, carpepters for the forms, and ironworkers for the reinforcing 
steel, only one gang can work at a time, as no one opt'ration is con¬ 
tinuous. This would be a decided disadvantage on a large job if there 
were no other work to do. ^ 

With continuous-sliding forms (Ftg. 105), after the forms are once 
made and set carpenter are, not needed except one to watch the forms and 
to make repairs, and concreting and placing steel go on continuously. 
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There will be greater initial outlay as the forms will cost more, and in 
addition there will the rods or pipes and jacks to buy, though the latter 
may sometimes be liiied, and the cost of lighting the work at night. 

('ontinuous pouring, day and night, is an advantage structurally, 
esjK'cially when watertightness is required as with oil and water tanks. 



rib JOa^^MoKino /brms /or larpe Diameters 


but Irom a contractor’s point of view the organisation of the w'ork may be 
dithcult as it will be necessary to have two or three shifts working. This, 
however, is mainly a question of the amount of labour'available. 

The various parts of a sliding form are the ribs and sheathing, making 
up the form proper, the yokes from w-hich the forms are suspended, and 
the jack-rods or pipes and jacks by which the^' are lifted. Although the 
details may be built according to individual preference, the main principles 
are the same in all designs. 

The height of the form may be 4 ft. to 7 ft. depending on the volume of 
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concrete and speed required, and should be such that the concrete has at 
least 24 hours to set before being exposed. 

tlie ribs should be 3 ft. to 3 ft. 6 in. on centre, and sluuld consist of 
two or four thickne.sses of 2 in. plank nailed together so mat they break 
joint at the centre of each piece. *■ 

The sheathing, i in. to i J in. thick, can extend 12 in. to x8 in. beyond 
the centre of the ribs. • 

Unlike moving forms, the sheathing and ribs are built up into one con¬ 
tinuous form, instead of in .st'ctions Iwlted together, except that the form 
may be sawn' through at four points and bolted together to facilitate 
stripping and low(*ring the forms when the top is reached. It is best 
to assemble the ribs, one on top of the other, in their correct location, 
adjusting them to the circle before nailing on the sheathing. 

Raising the top rib first to its right height and nailing on a few vertical 
board.s and braces to hold it in ])lace, the lower rib can then be raised to its 
position and the sheathing nailed on. If the wall is not thick enough to 
enable nailing to be done from the inside, the form can be assembled in 
sections, leaving off a few boards at the joints to allow for adjustment. 
The assembled form should be plumbi'd and levelled around its circumfer¬ 
ence, and sjmeers placed between the forms to give the thickness of the 
wall. 

The next opeiation is to attach the yokes. These are designed in 
various ways. As the forms are suspended from the yokes, strength, 
rigidity, and positive coniu'ctions are the main requirements. They should 
be placed aboht 5 ft. to 0 ft. apart, occurring at alternate joints in the 
planks. Yokes consist of two uprights, a headpiece, adequate cross¬ 
bracing, and means of attaching securely to the ribs. 

A good method of construction is shown in Fig. 105. This design was 
made and used for the construction ot a standpipe with an inside diameter 
tof 40 ft. and a height of 100 ft., with 18 in. walls. Tnvo of the four planks 
of the ribs are notched out for the (> in, by S in. uprights, which extend 
about 3 ft. 6 in. above the sheathing. The uprights are bolted to the ribs 
with 5 in. by 4 in. angles. A J in. U bolt holds the uprights together just 
above the sheathing. All connections are made with J in. bolts. The 
headpiece of two 4 in. by 10 in.'s is bolted through iron straps to the 
uprights and carries the heavy nut through >vhich the jack works. The 
nut is 5 in. by 4 in. by 2 in. tliick, with square threads and two bolts for 
attaching to the headpiece. If one solid piece instead of two is used for the 
headpiece the nut is bolted on the underside. The yoke is sometimes made 
out of angle-iron to give greater stiffness, though heavy timbers will 
answer the same purpose. 

There arc tw'o common types of screw jacks. The jack shown in 
Fig. 105 consists of an upper threaded portion in. diameter and 4 ft. 
long with three square threads to tlft inch^ and a lowrer shank J in. 
diameter and 3 ft. 6 in. long, all in one piece. For the full l^gth of the 
threaded portion a square slot is cut in the circumference, as at i 4 . The 
turning head is a casting wdth four arms bored to take a f in. bar and with 




Fig 100--Covtiwoi si ^ Smoing toRMs, i sito is Consiri'i iios or SiAMnirB Form# ravs juit 
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headpiece is turned with a bar, the jack working within the nut attached 
to the yoke and pressing on the* pipe will raise the form. 

The other type of screw jack commonly used consists of a similarly 
threaded hollow shaft which slips over a rod, with a clutch at the bottom 
of the threads to grip the rod, Tl»e turning head may be similar or may 
be attached to the top of the screw, although it is an advantage to be 
always able to apply the pressure at the top of the yoke where the jack 
has the greatest stiffness. 

The procedure of jacking with the hollow jack is the same, but in this 
case successive lengths of rod are used instqad of pipe, connected together 
with sleeves. One-inch diameter rods should be used. 

When ready to pour, a*length of pipe reaching from the foundation to 
the underside of the headpiece is placed at each yoke, the shank of the 
jack inserted in the pipe, apd the pipes are plumbed. 
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When suli'Ksient concrete lias set in the forms to hold the pipes firmly 
and to guide the form, the form can lx* raised by giving each jack a quarter 
turn. After once starting to raise the form it should be carried on con¬ 
tinuously, the rate of raising being such that the exposed concrete has had 
about 24I10UIS to set. From the start the vpeed can be increased a little 
each day until the niaxirnuni is reached , When the turning head has 
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[SlioiviiiK j.K ks .iHseiiilili'd .It Ml h loiMi'i of Ml li 1 ) 111 , with two row*, of aronnd eai h wall In the 

Imi kKroiiiul the MTtH.»l ‘.hntliTiiiK .mil th* Ikmiii lK»xe> to form the lomrote Ix.imx of the top floor ate vwsn 
in plaie Ihe thikitiK iMiot \>>t laid I he hop|iti lioitoini are shown All the plant in this view aKamds 
us the i OIK retmt; pnseeds 1 

reached the toji ot the jack the jack is .screwed up and a 3 ft. length of pipe 
placed on top and in line with the pipe in the concrete. The shank is placed 
on the pipe, and lx*ing 6 in. longer will extend for that distance into the 
pipe below, thus kc'ejung the successive lengths of pipe in line. The opera¬ 
tion IS continued until tlie top of the stjructure is reached. It is essential 
that the jacks be operated at a steady* and unifonn rate and that each jack ' 
is turned the same amount .so that the form will remain plumb. Fig. 106 

shows the same standpipe just after the forms had commonced to move. 

* 
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It is not necessary that all the jacks be operated simultaneously. 
In.stead, one man can handle a group, going to each one in turn. Any un¬ 
even raising or stoppages will cause the concrt'te to stick ajid be dragged 
up to some extent with the forms, causing jxx kets and voids. On a large 
job where there are many jacks, each group should be ojx'rated at a 
given signal from the man iij chaige. 

When using jacks on a batti ry of rectangular bins, there an* usually 
four jacks at the comers, oiu* in each bin, and then* shoulil be one in the 
centre of each side if the sjian is long (/'/g. 107), which shows the sliding 
forms and jacks used in the construction of the King tieorge f)(H'k at Hull. 
As the forms are raised thev should be <'he«’ked for being level and jiliimb. 
The essential featun*sof the jack .iie that it should peiimt of jiosiliveand 
nnifonn control and that theie will be no slipping 

Scaffolding. 

With ordinary inoxing l(»rnis, if onlv one lit! is used the scailolding is 
carried up inside and out fioin the giound With two hits, where om* is 
raist'd on toj) of the otlu‘i, it ina\ bi' su>.pended lic)ui the foiiiis. With 



continuous sliding forms th<* scaffolding is alvvavs susjwnded from the 
yokes {Fig. 108). 

The concrete is finished as the forms are raised to avoid swinging 
scaffolds from the roof, so that it can be finished as soon as jKjssible after 
stripping. 

Concreting on small jobs is done by a small d(;rrick i-rected on the 
forms : on large jobs generally by chutes. Reinforcing stcc*I is |)laced just 
ahead of the concrete. • 

On very wide structures a working platform can be built out from the 
iimer form. In Figs. 105 and 106 the working platform is built over 
trusses which are attached to and move up with the forms. In Figs. 
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107 and 113 the working platform is the roof form which also moves up 
with the wall forms. 

Roofs. 

Roofs over thesis structures are of three kinds ; flat, conical, or dome 
shape. With very high structures, especially when the diameter is large, 
it is often a problem to know how best to support the roof forms. There 
are three ways of doing it: by scaffolding from the bottom, which can 




r/ Q /09’ Japporfmg forms F/af Poo/ 


only be done with low structures ; by sup|X)rting the forms from the 
concrete walls after they have been stripjH’d; or by supporting on the 
wan forms when they have reached the top. 

Forms for diameters up to about 20 ft. when the roof is flat, can be 
conveniently supported on the concrete. The method consists of carry¬ 
ing the formwork on timbers, supported by wooden blocks bolted to the 
waU. Having decided on the method beforq, the last lift has been poured, 
iron sleeves or round tapering wooden p>cgs are set in the form to take 
^Its after the form is stripped, spacing them as required. Short blocks, 
which may be a single thickness or built up, are attached to the bolts. 
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The bolts should be proportioned for ^lear and bearing stmsscs. These 
blocks carry the timber framing for the forms. Several different arrange¬ 
ments can be used ; one for a beam and slab roof is shown in Fig. 109. 
The arrangement should be such as to cut down the spans as much as 
possible and to distribute the* load around the wall. 

For longer spans the supporting members may lie trussed. When 
pouring the slab some eye-bolts should lie set, projecting below the slab 
and anchored into the concrete, from w’hirh to hang scaffolding for 
' stripping the forms, not forgetting also to leave* an o|K*ning in the floor. 



m 
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With flat roofs it will usually pay to use structural steel beams, as 
these can be set in the walls and the forms c.arried from them. 

Conical roofs are usually used to cover silos. The maximum diameter 
will be about 20 ft. and more often will be about 14 ft. A framework is 
built up of 2 in. by 6 in. rafters meeting at the centre and braced with 
curved i in. by 8 in.’s about 30 in. apart. The rafters should divide the 
circumference into equal parts so that they arc 5 ft. to 6 ft. apart. The 
lower ends of the rafters can\« supported on \ in. by 2 in. hangers about 
12 in- kaig and bent as shown, or can be carried on the inner form, this 
being dropped sufficiently and held in place by the wedges and short rods 
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through the ^sts. The Rheathing must be cut in triangular sii^^ps ol 
length equal to the side of the cone. The lower end of the sheathing 
can be supported on the concrete by leaving a i in. by 2 in. ledge when 
pouring the top lift (F/g.s. no and in). 

Domes are usi'd to cover structun's f>f large diameter, such as stand- 
j)ipes, the diamet«T being as larg(’ as 40 ft; to bo ft. The forms cannot be 
easily cairied on tin* concrete, as the ribs have to be sup^Kirted at several 
points 

In the standpijx- shown m /'iif 105 tlie dome forms are supported by a 
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seiies of ladial king post tmsscs attached to tlie sliding form, one truss 
halfway bi’tween eaih \'ok«' The* trnsi>et. consist of top compression 
memlM'is ot 6 in. bv 14 in timlxTs, bolted to thi‘ upper rib of the sliding 
loriu and supjxu ted on the lower libs b\ 4 in. by 4 in. posts, and also bolted 
to a built-up ci'iitie conipiession member common to all trusses, and two 
tie rods thieaded <‘a» h end ((uu* (‘ach side the timber), pa.ssing through a 
channel butting against one end of the timber and passing through a 
wrought-iion ring under the casting of the centre member. This ring is 
loost' to adjust itself to the tension in the rtxls. 

The trusses were earned up with the fonns and a working platform 
built over tlu‘in. the sheathing afterwards being used to cover the dome. 
The dome form consisted of a series of vertical curved ribs of double 

2 in. plank, meeting at the centre, with curved plank cross-braces about 

3 ft. apart between them. The ribs were supported by 4 in. by 4 in. posts 
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die trusses, the posts being cross-braced. The sheathing cannot be 
laLid on regularly, owing to the curvature, but is usfd to the best advantage 
its shown in Fig. 112, which shows the dome form covering the standiape. 
No outside forms were necessary as tlje concrete was iwuired fairly stiff. 

An interesting example of soof forms for stjuare bins, earned tip with 
the form.s, is shown in Fig. 113, which is a later view of the hums shown 
in Fig. 107. 
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Estimating Cost. 

Whatever svsti'ni is used the cost of material <*an easily be estimated 
from a sketch of the projxjscd form. Th(‘ cost of making np the form will 
depend somewhat on the diameter, as the forms must be made heavier 
and more carefully as the diameter increases. 

Five carpenters per day of 8 hours should make np nxi cu ft. of timber 
into circular forms. 

Continuously sliding fonns will cost about the same as moving forms 
for the ribs and sheathing only, but there will be additional labour cost 
for making and setting the ^okes, netting jacks and jack pipes or rods. 

With moving forms the same men will usually perform all operations 
and it is not necessary to separate the cost of moving the forms from the 
cost of concreting and setting steel, etc. * 
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Since a pioving form is poured its own height each day the 
numtHT of ^ys required js easily estimated, and so many men will be , 
required each day depending on the size of the job. ITie number of cam 



will be governed by the labour requjjred for concreting, four to five being 
sufficient for small silos. 

Continuously .sliding forms will require a certain number of men on the 
doi ms all the time to manipulate the jacks. One or two men will take care 


Fig. 113 Mo\isg Iukms at the Kim. George Dock, Hull 
*1** )** Ss Rad decking romidete The eight mncreting wagon.- th* traii-porter « Tg it and the rhiit'* from the ennrr-te imvee are 
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aU the jacks on a single structure. On multiple-cell structures boys 
can often be used, each boy handling so many jacks unc^^r a foreman. 
Since a maximum of 6 ft. will be poured in 24 hours, the rate of laising the 
forms will hardly ever exceed 3 in. per houi. If one complete turn of the 
jacks raises the form J in., nii\f tunis per hour will be neces.sary, and this 
"determines the number of men requiied. 

In the construction of thc*bins shown in Fig. 107, each boy gave a 
complete turn to 19 jacks in about 10 minutes, the forms Ixung raised 
about 2 in. per hour. The forms shown in Fig. rob were raised about 
2| in. per hour. „ 



CHAPTER XV. 


FORMS FOR DAMS, PIERS AND HEAVY WALLS. 

♦ 

Dams aro of two nuun ty])c^ tin gravity dam, which is the commonest ; 
and the hollow t>]■>(*, or leinfoiced concrete dam, whuh will often prove 
inori' eitinoiiucal h'ot the purpose of describing the form construction, 
giavity darns can be dividt'd into hw and high dams. High dams and 
bridge pieis and heavy dock walls can be built with similar methods, 
pioviding horizontal joints are rnit objer tionable. 

Low Gravity Dams. 

(huvi 4 v <lams onlv lo ft. <ii 12 ft high .iie formed to the top. In'cause 
the yardage of concrete pii foot ol dam is small and 50 to 100 lineal feet 
of dam can be poured (oinplete at a time. The forms will generally only 
be Used once, or at most two or three linn's, so they nct'd only In* made 
'^trong enough to take tin* [in'ssure, d('jH*nding on the height of the dam. 

The downsticam lac«* is gi'iieralh* cuived top and bottom , if it is 
straight it will be built siinilarh to the upstream face. I'ig. 114 shows 
tvjncal foinis lot a small rlani and the nu'thod of bracing thi*m. The two 
planks forming tin* cuived ribs should In* nailed together and the lower 
pl.mks slic'athed before i)lacing This can be done m sections to ft. or 
12 It. long, as it would be diihcult lo plact* the sheathing after the ribs arc 
s(*t. Instead of sheathing in sei tions the libs can be placed in position, 
supjniiled j ft. Ol 4 ft. abov<' tin* footing, tenifni^arily bract'd, and the 
sheathing nailed on, the whole torin then being lowered to the footing. 
The rernamdei of tin* slu'athing is nailed on in place The sheathing for 
the curve at the top should generally be left ott until required, in order to 
give a largei ojH*ning thiough which* to place the concrete. 

As theie will be considerable upward pressure on the lower curved 
form, it is advisable to weight it down with rocks or bags ol sand to relieve 
tin* tension in t he w ires. The lower parts of the forms are held by wires or 
bolts, which an* anchored around J in. rods t'mbeddt'd in the concrete near 
the bottom of the footing, which is poured ahead. 

The upjier wires 01 Iwlts go across from wale to wale. Two strands 
of No. 9 wire are satisfactory for heights to 10 ft., but care must be taken 
that they are not broken when placing " one man *’ stones. 

A 2 in. by 6 in. stiftener should be placed as shown on alternate studs, 
with a short piece nailed across to the curved rib in order to hold the form 
in shape. The form can be stripped in two to three days. 

' The cost will be about the same as that given for straight and curved 

192 



DAMS, PIERS, AND HEAVY WALLS. 


193 



/ y//4. fir/r?3 /hr J/na//Do/ns 








194 


DESIGN OF FORMWORK. 


walls in Chapler VI II when there are no special difficulties; but if it is 
built within a coifferdani the cost will be higher, as it will be more 
difficult to carry timber to the site and the erection may have to be done 
in a certain amount of water. 

I 

High Gravity Dams, Piers and Heavy Walls. 

Dams are always, and piers and heavy walls are usually, built with 
panel forms, using tw'o tiers, lifting one up above the other until the top is 
reached. The construction joints are vertical, the structures being poured 
in vertical sections alx)ut 30 ft. long. 

The fonnwork is simple, the main problems being the economical 
lay-out of the panels and the method of holding them in place. As 
the yardage of concrete is very large compared with the area of forms 
rfjquired, it is not necessary to make the panels very high, 8 ft. to 10 ft. 
being suitable heights. 

In the construction of isolated piers, sufficient panels are made up to 
go completely round the pier, two tiers high. 

For economy in dock wall and dam construction, tw'o, or better still 
three, adjacent sections should lx* constructed together. Specifications 
will sometimes call for the structure to be built in alternate sections, in 
which case two or three sections should be built together. When the 
.sections are adjacent, each should be cimcreted a panel height ahead of 
the adjoining section B)' this means there are always two or three 
sections in which concrete can be poured, so the height poured in any one 
section wilPusually not be over 4 ft. to 6 ft., which will cut down the 
pre.ssure on the forms. Niur the top, where the width is small, a section 
may Ix' poured to the full panel heiglit, so the panels must Ixi designed for 
that condition The panels, however, are alwuys made heavier than 
theoreticallv required in order to withstand the wear and tear of repeated 
usage 

An elevation of the structure should first be drawn, dividing it into the 
number of vertical sections to be poured, each about 30 ft. long. The 
height of the panels .should then be decided U|X)n ; this will depend on the 
height of the structure and the economical length of studding. 

As studs can only b(‘ bought in multiples of 2 ft. long, as near a standard 
length as px)s.sible should be used, otherwise there may be as much as 20 
per cent, waste in cutting. It will not matter if the top panel sticks up a 
little beyond the top of the concrete ; this will be cheaper than cutting the 
studs to make the top panel exactly flush with the top of the concrete. 

The panels for the sloping side of a dam must be higher in order to ‘ 
bring the front and back forms to the same height, and will generally be 
about 25 per cent, higher than the panels for the vertical face. 

The heights of the panels or successive pours should then be marked on 
the sketch of the elevation. Numbering the panels in the order in whidh 
it is desired to pour the sections, the number of panels that it will be 
necessary to make up can be determined, remembering that the lower tier 
of panels cannot be stripped until the upper tier is completed. 
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The speed in this class of construction depends largely dn the speed of 
the carpenter work and the lay-out of the^work, so that there will always 
be some forms ready for concreting. 

The length of the panels should be such that two or three together will 
be a few inches wider than tho*width of the section, so that they can over¬ 
lap the poured section when necessary and so that the end bulkhead can 
be placed inside the form. 

A suitable size panel for handling will contain 80 to 100 .sq. ft., weighing 
600 to 800 lbs. 

Bulkhead forms will be required at tlu' ends of sections,' the number 
of panels required depending on the order of pouring the sections. This 



form will be built to fit the cross section, fitting inside the side forms and 
belted to them. Standard .size panels, as usi‘d for the sides, an* used 
together with special panels made to fit the slope. 

Fig, 115 shows typical panels the author designed for a dam 400 ft. 
Icmg by 48 ft. high, the width at the bottom being 34 ft. and at the top 
8 ft. Forty-five panels, including special panels for the sloping bulkhead, 
were made up, using them 14 times over, thi.s number allowing work to 
be carried on in three 30-ft. sections 

Figs. 116 and 117 show the forms in use.» Fig. 117 shows the valve 
house built with the standard panels, without cutting them down to the 
exact size required. Note a^ the scaffold brackets made to hook over 
the wales. The ^eathing was in. spruce tongued and grooved and 
dressed both sides; the studs and caps were 3 in. by 6 in. and the wales 




















Fig U7 ~third SECTION OF DAM. SHOWING GATE-HOU8E,AMD BACK FORMS. 
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4 in. by 6 in. yellow pine dressed four sides. These sizes a*e heavier than 
required for the maximum pressiin*. but were made to withstand rejK’ated 
usage. The sheathing iinishes flush with the outside ol the studs and 
top and bottom caps. Three | in. bolts top and bottom, and two on each 
side, were used to fasten the panels together. There is littl»‘ pressure on 
these bolts, as the pressure is |ak(‘n by the waU's. Tin? sjjecial end bulk¬ 
head panels were built as shown. The wales were lujt ixTinanentlv 
attached to the studs, but weie loose and ov(“rlappe(l. If they an* 
permanently attached, as they should overlap tlu'ie would lx* mon* 
trouble in stripping the panels. 

The method of holding tlu* foims was the inethixl usually adoptt'd, 
of embedding “ hairpin " anchors, to which the wall's are wired, in the 



concrete at each pour. Thi'se anchors are 2 ni, rods abonl ft ft. long, bent 
as shown and projecting about 4 in, fioni tin* concrete. The angle the 
wires make with the horizontal shdiild not be greater than 45 degrees. 
Two No, 9 wires for each tie are sufficient for .1 fM)ur of 5 tl., and three 
wires for a pour of 10 ft. Bolts luxiked around the aiuhois < an be usc'd 
if desired, but they are more apt to slip. iiH shows the hairpin 

anchors. Near the top, where the width is small, the form is wind across 
from wale to wale. The sloping side is strutted ternix^rarily from the 
inside until there is sufficient concrete to support it. 

As soon as a section is poured to the top of the panels, tlu* lower panels 
are stripped and moved ahead or to an adjoining st'ction. The forms in 
this case were handled by a training derrick, running on a trestle 
parallel to the dam. * 

Curved spillway forms were made up and bolted together in the same 
way, the studs being cut to the required curvature out of 3 in. by 4 in.'s^ 
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which were nailed to 3 in. by 6 in. straight studs to form 3 in. by lo in. 
ribs. 

The cost of these forms will be considerably higher than for ordinary 
low walls, where most of the work can be done from the ground, as labour 
is less efficient when working at great heights. To make up 100 sq. ft. of 
panel forms will require about 8 hours carpenters’ time and 4 hours 
labourers’ time. To set, wire up, and strip the same will require about 
8 hours carpe.iters’ time and 8 hours labourers’ time. 

The forms must be oiled after each use, and this time is Included. 
• 

Reinforced Concrete Dams. 

These generally consist of a senes of buttresses supporting a sloping 
slab. The buttresses, if high, are built with panel forms as just described ; 
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if low they are formed to the top complete. The top of the buttresses 
usually widens out to form a bracket on each side to support the slab, 
the buttress itself howi‘ver being |.K)ured to the top of the .slab. 

The buttress and bracket forms are clearly shown in Fig, 119. The 
buttress is stripjjcd before the slab forms are placed. The under-slab 
form is supported b^' joists heavy enough to span between buttresses, 
resting on ledgers bolted to the concrete. The bolts generally pass 
through pijx^ sleeves, which are set when the concrete is being poured. 
The top form for the slab rests on the upper part of the buttresses and is 
held down by bolts embedded in the concrete and passing through doinble 
wales. At the centre of the span th^ upper and lower forms are bolted 
together through double wales. Both foilns are built in panel form. 
The construction is shown in Ftg. 120, which is a later view of the same 
'dam as shown in Fig. 1x9. 
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The cost of making-up llu* panels will be the same as given for gravity 
dams. The cost of placing and sttipping thi- buttress forms should be a 
little lower than for gravity dams, as the walls are narrow and require 
less labour to wire uj^. Tlie cost of placing and stripping the upper and 
lower slab forms should be about half the ’cost of the buttress forms. 

The amount of timber required in this class of work is lx*st calculated 
from a sketch of the forms, allowing sufficient for waste in making up the 
panels. 




CHAPTER XVI. 


STEEL FORMS IN BUILDING AND WALL 
. CONSTRUCTION. 

Tnr<: use of steel forms has mcn^ascd rapidly in the past few years. They 
can now be obtained for any type of structure and of any shape, and 
have replaced wooden forms almost entirely for certain structures. 
Their economy depends, of course, on the number of times they can 
be used. It wouUl not be economical to buy .steel forms for a job on 
which they could only be used two or threi times, unless the contractor 
could move them from one job to another Tiny should be regarded 
more as plant than material, and the same considerations should govern 
their purchase as with a jnece of jilant IntiTest on inve.stment, depre¬ 
ciation, upkeep, storage, handling, freight charges, etc , should all be 
considered in addition to first cost .\s with any other plant, to be 
('Ijonomical they must be m const,mt use 

Where a job is sufficiently large steel forms will usually more than pay 
for themselws on the one' job, e\en when jMThaps owing to .sjxrcial con¬ 
struction they cannot be used in other work .Steel forms can be hired 
inste.'id of bought outright, though this practice is much commoner in 
the United States than in this country. The rental will usually amount 
to about 70 JKT cent of the jairchase price, though this depends on the 
length of time used If hiring can show' a saving over wood forms, 
even considering the salvage value of the timber^ it may be the best 
jiolicy, since the ne.xt job on which they could be u.sed is alw'ays uncertain 
and .storing is not profitable 

Besides the first cost, there is the question of the saving of labour in 
erection and strijiping. This is ccmiSderably less w'ith steel forms than 
w'ith wood forms, and it is this saving of lalxnir cost that will decide 
whether steel forms are economical or not. Steel forms arrive on the 
job ready to jilace, without the preliminary w'ork required with w'cx>d 
forms, so that the time and lalxnir spent in making-up the forms is saved. 
The methods of connecting panels, bracing, and tying being already 
provided for, erection is almost mechanical and requires no special skill 
and may b6 done by common labour, so that the cost of erection and 
stripping will be much less, than for wood forms. Better work can be 
clone, as the forms arc factorj'-madc^ and fit exactly. 

Labour cost can be more accurately estimated with steel than with 
wood forms, since it is more of a mechanical operation and the '“personal 
equation ” does not enter into account so much. The labour cost of 
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wood forms may vary considerably on tw'o similar jobs*using different 
carpenters and foremen. 

Other advantages of steel forms are smoother surfaces, requiring very 
little re-touching, denser surfaces and hence les.s absorption of jwint, and 
the smaller number of inen*re<iuired. 

It is therefore not always a smiple niatter to compare the relative 
economy of steel and wootl forms, as there are .so many dt'ins that .should 
be taken into account for .i true coin]i.insoii They can be obtained 
for any type of structure, and through all degrees of conq)lexitv from the 
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simple light wall jianels to tin* huge structural steel travelling forms 
used in dock-wall construction ^ 

Although a contracting linn may d«'sign its own stej-l forms and 
have them made to order, it will usually pro\e more ( (onomical to buy 
them from the lirm.s that specialise in their manufacture and who have 
had years of experience in their us<*. The forms manufactured by these 
concerns are of cour.se patented. It would .serve no particular purpose 
to describe the detail construction of the forms, since this can be obtained 
fronvthe manufacturers, who will also advise the fx'st tyix* of, form to use 
for a particular structure. Instead, by giving photographs of actual 
construction work in which they have bet n nsed, the multitudinous uses 
to which they may be put are shown. 

It is <jonvenient to divide steel forms into two groups, those for forming 
flat surfaces and those for curved surfaces. The former only will be con¬ 
sidered in this chapter. 
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'Buildin|s. -Steol forms for round columns and caps and for deck 
panels in flat slab construction have already been mentioned, as al.so 
have metal tile fillers, which arc really steel forms. These are the com¬ 
monest uses for steel forms in building construction. 

Steel slab-panels for beam and girder construction have been used 
to some extent, in combination with wood beam boxes. Slab-panel 
forms manufactured by the Deslauriers Column Mould Co. are shown in 
Fig. 121 (note also the method of supporting the forms for a saw-tooth 
roof). Steel has not yet taken the place of timber for shores, joists, ledgers 
and beam sides. The only other extensive use of steel forms in buildings 
is for foundation and other concrete walls. 

Light Wall Construction.—Light wall panels are 24 in. square, made 
of sheet metal with angle-iron stiffeners, fastened together by clamps, 
wedges, spikes, etc., according to the system used. They are. made in 
standard sizes so that any length of wall may be formed, adjustable panels 
taking care of odd inches and fractions of an inch, and special comer pieces 
are provided. The usual method is to use two or three course^ One 
above the other, {timing 4 ft. or 6 ft. the first day and 2 ft. ot 4 ft. on shc- 
ceeding days, the forms being stripped in twenty^four hours. Using 
two courses, after the first two coursesare filled the lower course is stripped 
and placed on top of the second course, fo^ng the third course, and 
the .second course forms the fourth course, and so on, one course always 
remaining in cmitact with the concrete to support the course above. 
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In the " Metaform " system the units are connected together with 
clamps. Using only two courses wales are not nwessary, but they add 
to the rigidity of the form and facilitate the aligning. When more courses 
are used, adjustable steel aligners are clamped to the forms, a horizontal 
aligner to each plate and \^rtical aligners 8 ft. to 10 ft, apa^t. The 
aligners are made to telescope so that they can be adjusted to different 
lengths. Instead of steel aligners, ordinary 2*s by 4’s can be used with 
the same clamps. Figs. 122 and 123 show the usi' of “ Metafurms in 
light wall construction, with and without aligners. 

In the “ Blaw-Knox ” system, BJaw light wall forms are conni'cted 
together with wedges driven into com*.sponding slots in adjacent imits. 
Angle-iron wales arc dropjx'd into slots on tlie panels, and vertical aligners 
are attached to these with wedges {Fig. 124). Stt>el bulkhead panels are 
provided. 

Using the aligners with both systems <‘nables a wall to be built to 
a height of 10 ft. at one ]xiur, and also enables S(‘veral panels to be moved 
as a unit, instead of on(’ by one. In each .system wire ties are used to 
prevent the forms from spreading, and metal sjiacers on th(' top course 
keep the forms the right distance apart. • 

The Blaw-Knox ('o. manufacture angle-iron yokes which slip over 
and hold two courses of forms, if the use of wire ties is objectionable 
owing to the possible apjK‘arance of nist spots. The same company 
also manufacture a hand-oi)erated machine for making the wire ties quickly 
and uniform. 

It is essential that the footing on which the first cotirse is sot be 
level. No outside bracing will be necessary. The work of placing the 
forms can be done by common labour. The workmen should work in 
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pairs, one placing the outside panels and one the inside panels, the 
fonner working a little ahead of the latter. 

The forms should be cleaned and oiled ever>’ time they are stripped, 
including the last stripping, even if they are not to be used again for 
some time. Remembering that the>' are part of a contractor's plapt, they 
should have the same care. . 

Heavy Wall Construction.--On large contracts where there are 
heavy walls, as in docks and canal locks, and for heavy retaining walls, 
steel forms are particularly us(‘ful and economical. Those contracts arc 



Fro 125—Fomu rott Raiiwav Retainiso Wall, Oe&ioscw to be Lirren im Owe Unit 


usually SO large that the first cost of the forms is less important than the 
saving in labour cost, and for that reason it is often economical to have 
steel forms specially designed and built for a particular purpose. 

The method of raising one course above the other used imlight walls 
would be entirely too slow and uneconomical on large work, so instead 
the walls are built in vertical .sections about 30 ft. long, pouring the wall 
in one, two, or three operations ^his means that very heavy bracing 
is required, and that the bracing must generally bo from the outside 
owing to the large width of the wall. 1 

Figs. 125 to 132, showing the varied u.se of heavy steel wall forms, 
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are given by courtesy of the Blaw-Knox Co., of Pittsburgh, U.S.A. 
The forms may be designed as stationary or travelling. In the former 
case they are built up into units of such a size as can be conveniently 
handled by the plant available. A unit may consist of the forms for one 
side of the wall only, or for both sides. * 

In Fig. 125 is shown a form for a heavy ^railroad retaining wall, which 
is designed to be lifted in one piece and is also adjustable to various 
types of wall. Fig. 126 shows forms for both sides of a dock wall being 
lifted as one unit by a derrick 

Fig. 127 ^hows forms for high thin walls with brackets at the top 



Fig 126 -Forms for a Dock Waii . Both Sidss Movkd as Ohf Unit. 


being lifted in units by a cableway' These forms were used in the 
construction of the Chicago Sewage Works. (Note the method of bracing 
the forms, and the large area of walls on which they were used.) 

Instead of lifting the forms up bodily they may be designed to slide 
along horizontally. In this case they arc attached to a structural steel 
frame called a " traveller.^’ A unit of forms consisting of back and 
front forms may be attached permanently to the traveller, or the traveller 
may be detgiched and handle several units in turn. In the former case 
the traveller also braces the wall, while in the latter the wall forms are 
self-supporting. The travelling frame usually straddles the wall and 
moves on rails. The forms are collapsed by jacks, tumbuckles, or steam-' 
boat ratchets. The traveller with forms attatmed is moved by hand power 
for small installations and by winches for the larger jobs. For still heavier 
^rms gasoline, steam, or electric hoists are used. 
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pyj 197.—FOBlfS USED IN CQjSSTRUCTlON OF SEWAGE TREATMENT WORKS: FORKS HANDLED BY CABLEWAY. 




Fic 128 —HIGH TRAVELLER H\NT>LlNr. INDEPENDENT PANEL FORMS IN CONSTRUCTION OF ONE DOCK 
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Pws. t|0.—TRAVELLER AND FORMS FORKING A SINGLE UNIT: WALL PbURBD IN 

TWO LIFTS. 
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131 —TRAVELLING WALL FORMS USED IN CONSTRUCTION OF WELLAND CANAL. 
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13a_DOUBLE TR.W'ELUNG FORM I'SCD IX CO^TRUCTIOX OF WELLAND CLX.LL NOTE SUSPENDED 

CULVERT FORMS IN RIGHT-HAND WALL. 
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Fig. 128 shows wall forms for an ore dock. The high traveller is inde¬ 
pendent and handles eight sets of forms. Fig. 129 shows forms used in 
the construction of a seawall in Florida. One hundred and fifty f^t of 
wall forms and 50 ft. of traveller were used, the forms being self-support¬ 
ing and the traveller being only used to <nove them by means of the 
winch sfiown. The ratchets are shown hungjup out of the way, the traveller 
being ready to move back on the rails to pick up another section. 

In Fig. 130 the forms and traveller form a single unit. The wall 
being very high, it was poured in two lifts as there was possibility of the 
form being blown over if assembled to its full height The wall being 
constructed is for a penitentiary. 

Figs. 131 and 132 show extremely heavy travelling wall forms used in 
the constructioh of the Welland Canal. The main forms are of steel 
framework with wood lagging. In the right-hand wall shown in Fig. 
132 are .seen two suspended steel culvert forms. These two pictures 
show that there is no size of wall too large for the use of steel forms, and 
also show the saving in time and labour by having the forms attached 
to a traveller so that they can be easily and quickly stripped and moved 
ahead. * 


Estimating Cost of Light Wall Forms. 

The method of erection is so simple that unskilled labour can handle 
t^e forms after a little instruction. 

To erect complete and strip 100 sq. ft. of wall fonns—contact area— 
should not fequire more than six hours of labourers’ time. This is for 
unskilled labour, and should be a maximum. Men experienced in erect¬ 
ing these forms should perform the same amount of work in about half 
the time, but their rate of pay will be higher. 

It will require about the .same labour to strip and oil as to erect and 
wire-up. The same amoimt of wire ties will be required as for wood 
forms. , 

Comparing with the costs given in Chapter VIII, it will be seen that 
the labour cost on steel wall forms sHould not be greater than o^e-third 
the labour cost of wood forms. 

A comparison of the first cost of Iteel forms with wood forms is more 
difficult to make. At the present time light steel wall forms wiU cost 
8 to 10 times as much per sq. ft. as will the necessary amount of timber 
per sq. ft. of wall, but usuaUy less area of forms is required when sted\ 
forms are used. 

If the steel forms are carried as plant the whc 4 e first cost would 
not be chaii^ed to one job, probably not more than 25 per oent^: that is. 
the cost would be distributed over at least four jobs. Heooe, taldtag 
into consideratimi the saving in labour, steel forms compare vesy favonr- 
ably in cost with wood forms. Evep if the whole cost is to a 

particular job steel forms will often be morfe eomomical proWd^ 
can be used over a sufficient number of times, so that the saving in 
labour will be more than the difference in first cdst. 



CHAPTER XVII 

STEEL FORMS FOR CURVED SURFACES. 

Conduits and siwtr-^, gram bins and silos, ptnstotks, subways and 
tunnels au structuns in the tonstruition of which steel forpis have 
almost entirely su|M.rscded wotni and tnginicrs' sjjnihcations iu)W often 
insist that sttel fonns be ustd for these 'itructiires 

These forms are alvia\s fairb difficult to make in wood they tan 
onlj' be used a limitid niimbtr of tiints owing to har<l handling they 
have to 1 h‘ repain d friqiH ntl\, thi} do not ki i p tin ir shape so well as 
steel, and do not give so smooth a finish Also, wo<mI forms are more 
difficult to strip and mo\< as tlu\ riquin rigid joints «ind bracing 
Structuns through which stwagt or watir flows an nquind to be 
smooth to ksscn the friction, so that st«t 1 forms an particularly suitable 
for sewers and conduits and n suit m a large saving in the cost of fimslimg 
the concrete Usually the contracts for tin st stiuctun s aie so large thut 
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Fw 13^ -CIRCUL/VR SKWER FX)RM. ii FT. 6 IN. DIAMETER. WITH TRAVELLER 

RUNNING ON TR.\CKS. 
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P». 137.—HORSE-SHOE SEWER FORM, SHOWN COLLAPSED AND BEING PULLED 

THROUGH ERECTED FORM. 
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Fig 138 --Ihaveming Iunnpl Form, 3a vt Diameter by 3a ft. High. 


even if the forms have to be sp< cially made they will pay for themselves 
on one job. 

Steel forms will retain their shape; at the same time, owing to their 
flexibility, they can be easily and quickly collapsed for moving ahead. 
Another advantage is the absence of bracing, allowing more working 
space within the form. 

In general the forms are built of steel plates and angle-iron stiffeners. 
Their construction and use are clearly shown in the photographs. 

Sewers.—To eliminate friction in the finished sewer the forms are 
made up with as few Joints as possible in the plates. Forms for 
diameter structures can be built with longitudinal joints only at the 
crown and springing lines and cross joints 5 ft. apart. There are end¬ 
less diameters and shapes for sewers; some of the most t^yfncal are 
illustrated. 

The simplest form is the circular sewer. To form these a hatf-iound 
form is generally used, lajdng the invert first and the crown afterwai^ 
They arc made up in 5-ft. sections interlocking together, using asms^ 
sections as are required by the speed of the job and facilities for handling 
the concrete. They are collapsed usually by tumbuckles, which can be 
seen in the pictures. Another method of collapsing is by means of screw 
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jacks fastened to one end of timber ties (Fig. 133). used for the 

invert the forms are suspended from an overhead I-beam track by trolley 
hmigers naming on the lower flange of the beam. When used for the 
crown the smaller sizes have two rollers—short pieces of pipe—on the 
tumbackles which run on a plank track when moving, the entire unit 
moving at one operation. ^ * 

^ The larger sizes are equipped with travellers, consisting of channels 
with rollers attached, running on plank runways laid on the invert 
(Fig. 134). The traveller and form may form one unit or the traveller 
may be independent, handling several sections which whpn collapsed 
move through the forms ahead. 

An almost complete circular form for an ii ft. 6 in. diameter sewer 
is shown in Fig. 135. This is moved by a traveller running oh tracks 
laid on the invert. 

Fig. 136 shows the forms for a 15 ft. diameter segmental sewer with 
the traveller attached. (Note the man operating the turnbucklcs by 
which the form is collapsed, also the steel bulkhead.) 

Forms for a horse-shoe .shape sewer are shown in Fig. 137. This 
form is in the collapsed condition and is being pulled forward on a track 
by the attached ropes and block, telescoping through the erected form. 







Ftc. 139.— Tkvsseo IvHim, Fokm in Potirion for Concrstimo. 
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It will be se«n that very little time is nquired to set th«' form, and that 
concreting may be an almost continuous operation. Contrast the labour 
required in this method with that required in taking apart the sections 
of a wood form and re-erecting them. 

Tunnels and Subways.--These are some of the largest structures 
in which steel forms are used. They are particularly suitable and 
economical for such structures, as they are easy to ^rip and move ahead, 
and give a large clear working space, which is important when cars are 
carrying out tlie excavated material through the forms. 

Fig. 138 shows a typical steel form with traveller for a tunnel 32 ft. 
diameter by 32 ft. high. The large‘size of the plates with few joints, 
giving perfectly smooth surfaces, should be noted. This form was used 
by the Niagara Falls Power Co. 

Fig. 139 shows a tunnel form used in the construction of the Liberty 
Tunnel at Pittsburgh, U.S A. The form is in place ready for concreting. 
The whole width of the tunnel is available as working space. The lagging 
seen at the top of the tunnel is to hold back the earth and rock and is 
concreted ill. This form is of truss design. 

Fig. 140 shows a travelling tunnel form of arch rib design, giving a 
still greater working space. , 

Fig. 141 illustrates the use of steel forms*in building a twin subway. 

Penstocks.—These are similar in design to sewers and conduits, 
but are often much larger in diameter. Fig. 142 shows a travelling 
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penstock form 21 ft. in diameter, used by the Niagara Falls Power Co. 
It is shown at the mouth of a tunnel. All the forms shown in Figs. 133 
to 142 were designed and manufactured by the Blaw-Knox Co., by whosi' 
courtesy they are reproduced. 

Silos and Grain Bins.^AlI the forms dc.scribed abov(j travel 
horizontally. We will now.consider forms which move vertically. 
Tanks are not mentioned becau.sc they are u.sually built with wood sliding 
forms to avoid constniction joints, but they can be built with steel forms 
in the same manner as .silos. 

The forms for these structures do not move as a whole, nor are they 
continuously sliding forms. Instead, the method u.sed is to build the 
forms of a number of square curved plates interlocking, similar to light 
wall forms. For large-diameter .structures the curvature in fhe 2-ft. 
width of a plate will be small, .so ordinary straight wall forms may be 
used in the same manner as for walls. Two or thret* courses are used, 
moving one above the other {Fig. 143). 

For .smaller diameters, particularly for silos and grain bins, the 
plates are attached to radial angle-iron arms at the top and bottom. 
The radial arms end in collars which slide over a vertical pipb, resting 
on a casting at the bottom There are holes at intervals of 24 in. 



Fie. 141 -Twiw Sqbway Fomifl. 


220 


DESIGN OF FORMWORK. 


through the f)ipe, tlirough which short rods can be slipped to hdp 
support the collars, which are in two parts bolted together against the 
pipe. 

The " Metaform ” method of assembly of the plates and arms is 
clearly shown in Fig. 144. Each unit is celf-contained, there being no 
loose parts. It will be seen that the plates are connected »deways by 
two clamps which are connected to the plates and vertically by a clamp 
engaging in an eye in the plate above. The arms rest on two circum¬ 
ferential rings The forms arc adjustable to different diameters by 
inserting similar plates of different widths, and the arms telescope to 



Kic 143 3 t-FT Diameter Penstock Foru. 

« 

suit different diameters. Spacers slipped over the tops cf the plates h»14 
the inner and outer form the correct distance apart. Scaffold planks are 
thrown over the upper arms to form a working platform. « 

For ordinary silos or bins two courses are us^, pouring 4 ft. the first 
day and 2 each succeeding day, stripping in the morning and pouring 
in the afternoon. If there is a battery of bins, better time csui made 
with three courses pouring *4 ft. a day. The outside panels are removed 
first and set in place on top of the vpper course; then the reinforemg 
steel is placed; and, lastly, the inside form. Ihe outside panels are 
handled one by one from the top with a long hook which loosens the 
clamps, engages the eyes of the top clamps, and lifts the panels up to the 






Fio, <44. -“METAFORM" MFTHOD OF ASSSMBUNG riRCVLAR FORMS FOR SIIjOS ARO 

GRAIN BINS. ‘ 
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Fra. X46.-GR4IN BINS BEING BUILT UP TOGETHER WITH INTERLOCKING STEEL FORMS. 
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course above 'fhe inside panels and the arms are unclamp(‘d and raised 
by hand. 

Fig. 145 shows two three-course outfits in use, and Figs. 146 and 147 
various stages in the construction of a battery of four grain bins, the 
bins being carried up together. As pouring thin walls at a great height 
is always troublesome, the Metal Forms Cxirporation provitic with their 
silo forms a hoisting attachment, which is a light steel derrick supported 
by the pipe mast and the forms, and a distributor which is a tip bucket 
running on a circular track near the inside form. Hoist and distributor 
can be seen at the top of the bins in Fig 145. A similar bucket is used 
for hoisting the concrete, so that one bucket is being emptied while the 
other is being filled. 

For combinations bf bins special connecting pieces are made {Fig. 147). 
Steel door, chute, and roof forms arc made for use in silo construction. 

Cost.— The cost of placing and stripping circular steel forms is about 
the same as given for light wall forms, the operations being similar. 


CHAPTER XVIII. 


ARCH FALSEWORK. 


There is no part in the construction of a concrete arch bridge that is more 
important than the centering. On its design and construction largely 
depends* the success of the job. The forms for the abutments, piers and 
spandrel walls present no particular difficulty, but to the methods used in 
supporting the arch ring there u.sually has to be given—or should be 
given—considerabh' thought. 

There are so many different designs of bridges and so many different 
conditions under whicli they have to be built that a whole book would be 
necessary to treat the subject thoroughly, but in this chapter are indicated 
the different conditions commonly met with, which will govern the type 
of centering to u.so, and a few typical designs which can be used in the 
majority of cases are given 

^ Difficult centres for special conditions should be designed by engineers 
experienced in this kind of work, with both a theoretical and practical 
knowledge, ‘An arch centre is a temporary structure and should be 
designed as light as is consistent with strength and rigidity. 

When possible the simplest design, that is, the design most economical 
in labour, should be chosen, .sinc<‘ labour efficiency is the uncertain item 
while timber cost can be calculated fairly closely. The amount of timber 
required for two different designs for a centre may be about the same, but 
the labour cost of erecting and stnpping one design^may be twice that of 
the other. 

The different types of arches are solid-barrel, open-spandrel ribs, closed- 
spandrel ribs, and bowstring girders. 

In solid-barrel arches the load is distributed uniformly over the whole 
width of the arch and hence over the centering. 

In the open-spandrel ribbed arch the Ipad is generally concentrated 
in two ribs so that the main centering is under the ribs. 

In the closed-spandrel arch, or an arch in which the ribs are c|rried up 
to support the roadway, the load is still more concentrated in narrow ribs, 
probably five or six. 

Bowstridg girder arches are a separate consideration because the form- 
work required for the deck aod ribs is similar to the forms for beam and 
girder buildings. ^ 

The kind of arcl^does not affect the type of centering design particu¬ 
larly, but only the distribution of the supports, which are either uniformly 
Spaced across the arch or concentrated at the ribs. The type to use wiU 
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depend on the span and rise of the arch, condition of the foundation, depth 
of water, liability of floods, distance between supports required for 
passage of trafiic, ice and debris, and the sizes and lengths of timber 
available. In the average bridge, foundation conditions are the most 
important. » ^ 

The necessary features of,a good design are that the combined costs 
of labour and material will be a minimum, that there will be the greatest 
salvage of material, that the forms will be sufiiciently strong and stiff, that 
they are not changeable in level and shape, and that they can tn* stripped 
easily without shock to the concrete. . 

Types of Centering. 

The types of centres that can be used arc trusses, bents, and steel 
centres, shown in diagram form in Fig. 148, omitting braces and only 
showing the main members. 

Trussed centres arc only used when no other tyix; is possible, and this 
does not often occur. They are, however, sometimes required over deep 
ravines or deep water or when a clear passage-way must Ix^ left for traffic. 
They are expensive to frame, there is little salvage of material, and they 
are apt to deform badly under load. They should have one or two inter¬ 
mediate bent supports, when possible, to cut dow'ii the deflection. 

They have to be designed carefully and built accurately, and shou)|d 
only be designed by an engineer. Investigation of stresses should be 
made for the different loading that will occur under the proposed metliod 
of building the arch. Some members will be subject to reversal of stress, 
and this must not be overlooked. Stiffness is important, and probable 
deflection of the truss should be calculated and provided for. 

The bowstring truss with Warren liracing is the type generally used 
and,is the most satisfactory {Fig. 148, e and h). At e, two centre bent 
supports are shown ^ if they cannot be u.sed the truss must be made 
sufficiently stiff of itself not to deflect .seriously under load. At h the 
span of the truss is reduced by supporting it at each end from the bents at 
the piers ; or, omitting the bents, from the piers themselves. The depth 
of the truss in this case could haVe been made equal to the rise of the 
arch, but long diagonal members should be avoided by raising the lower 

Howe truss is sometimes used, supporting bents at the panel 
points a| shown at g. The design of these tru.sses is beyond the scope of 
this book. Some data and tables for their design are given in Trautwine's 
“ Civil Engineer's Pocket-Book.” 

The bent design {Fig. 148, a to d) should be used whenever possible, 
and there are a sufficient number of variations in design to make it suitable 
for almost any condition. At /is s^jiown a type of bent design occasionally 
used under special conditicflis. Steel centering, shown at i, is now being 
largely used whenever there are a number of similar spans, or in high 
bridges to avoid using designs such as shown at e to h. 

Q 


^bord. 

The 
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«Bent Centering. 

By “ bent centering ” is meant the supporting of the arch by posts 
from the ground. This type will cost least, deform least, give the greatest 
salvage of material, and is the simplest to build. The posts may all be 
vertical, which is the best arrangement when jwssible. For loW bridges 
the posts may be single timbers reaching from the foundation to the arch, 
as at a, or may be built up in tiers as shown at h for high bridges. 

When it is desired to cut down the lunnbtT of foundations the posts 
may be inclined, as at c. When it is desired to reduce the span of the 
stringers without increasing tht‘ niimbt'r of vertical jiosts, a combination 
of h and c may lx? used, as shown at d In very high arches, to avoid 
carrying all the posts to the foundation, they are sometimes'arranged 
fan-shape, approximately at right angU‘s to the softit' of the arch and 
supported on a centre pier made up of bents, as at /. This method will 
give more clearance for the passage of traffic. 

Combinations of bents and trusses can be used to suit particular 
conditions. The vertical post bent ceiittTing will be considered the 
standard design to use, combining it with the inclined post type when 
necessary. 

Having decided that the vertical post bents can be used, after study¬ 
ing local conditions, the method of supporting the jiosts must be deter¬ 
mined, governed by the depth of water and character of foundation. It 
is better to do this before designing the centering, as conditions may affect 
the design. • 


Foundations. 

Foundations must be examined and tested in order to estimate the 
probable bearing value of the soil. When there is no water, or only a 
small amount, and the foundation is good, the posts can be supported 
directly on timber sills, as at a, fig. 149. When more liearing area i.s 
required, mud sills of 2 in. or 3 in. plank can be added as at h. If the 
posts are close together it is generally better to have a continuous .sill 
under the whole bent, but if they are far apart individual sills as at c 
will distribute the load more unifohnly. Timbers used in the sills must 
be heavy enough to distribute the load without bending, or settlement will 
^ur. 

Top soil should be removed until firm ground is obtained before setting 
the sills.^ The effect of rain on the ground should be noticed, as a founda¬ 
tion good in dry weather may be poor when wet. Gmcrete sills are often 
advisable when there is danger of settlement and are useful to level up 
uneven ground. 

II the river bottom is soft and incapable.of supporting much load, it 
will be necessary to drive piles, as jit d. They will generally be required 
with sandy bottoms, and nftist be driven until they ^ill carry the desired 
load, uring one of the pile formulas in common use. They should be cut 
off as low as possible in deep water to avoid a long length of unsupported 
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pile. Siometinltes, however, they can be cut ofi high enough to obtain 
effective bracing between the water level and the caps. In most cases 
the springing elevation of the arch is about the right level for cut-off. 

If the river bottom is hardpan, rock, compacted gravel, or any other 
hard ma^.erial, and the water is not over 5 ft. or 6 ft. deep, the posts may 
be .set directly on the bottom with sills attached, as at e. Sills may be 
omitted if the foundation is hard rock. 

If there is a foot or two of soft silt or mud overlying rock, the posts can 
lx; driven to the rock by hand, the ends being square, as at /. 

If the fotlndation is too hard to drive piles economically, and yet the 
top is too compressible to use timber sills, which is often the case with a 
gravel tjottom, it is best to use concrete footings either individual, or 
preferably continuous, under a bent, as at g. This cannot be done 
economically if the water averages over 4 ft. deep, in which case a good 
sill can be* made by spiking a short heavy timber to the bottom of the post 
forming a T and tying to this cross-piece a bag—or two bags if necessary— 
filled with dry concrete, as at h. The concrete will adapt itself to an 
irregular bottom, giving an even bearing, and will hold down the post 
against floating. The author has successfully used this method in 9 ft. of 
water. When the water is over 10 ft. deep and piles can be driven, that 
is the .safest method to use. The length of pile unsupported above the 
river bed should not be much over 20 ft. and its strength as a post should 

investigated. 

If piles cannot be driven the foundation problem becomes difficult. 
If may be solved by building one or two centre piers of weighted cribwork 
or bents, similar to e and /, Fig. 148. The only alternative is to use a 
truss design, preferably of steel, which can be done economically if there 
are several spans. Several methods may have to be used in the same 
bridge, if the foundation is not uniform. 

When placing posts with sills attached in deep water, particular care 
must lx* taken that the sills are resting firmly on the bottom and not on 
the edge of a stone or hole. 

Detail Design. 

It is best to decide first what size timbers and lengths it is desired to 
use, the comparative prices, and delivery that can be made. This will 
save ix).s.sible trouble and delay after the design is made. 

Arch centering is designed for the dead load of the arch ring only, 
with possibly an allowance for live load, depending on how tlje arch is 
poured. With very high centering it may be necessary to take its own 
weight into account. The various parts to design are the lagging, 
stringers, caps, and posts. 

The dead weight of thc'arch ring will increase from the crown to the 
springing, and will act vertically, aryl since the stringers will always be 
inclined to the vertical except at the crown* they will not have to carry 
,the full dead weight. For calculation purposes the arch ring is supposed 
to be divided into longitudinal strips i ft. wide. 
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To find simply the loads acting on the centering, divide a cross-section 
of the arch by radial lines into a number of blocks of equal length about 
8 ft. to 10 ft. long {Fig. 150). At the centre of each radial line draw a 
vertical representing to scale the unit weight of the arch at each f>oint, 
which will be the radial dej^h multiplied by 12 (approx.)-. Urom the 
ends of these verticals draw lines at right-angles to the radial lines, 
forming triangles oab. Then the side ob will represent to scale the unit 
load N acting radially to the soffit of the arch, for which the centering 
must be designed. The sides ab or oc repn*st'nt the forces V, which are 
partly resisted by the friction bt‘tweon the concrete and tlu'* lagging, and 
partly by struts if the concnde is jioured in transverse sections, or by the 



concrete already poured if poured in longitudinal sections, the force Ix'ing 
transmitted to the abutments. These forces V are neglected in the 
design of the centering. 

It can now be stjen how the design load v&ries along the arch. It will 
be noticed that the steeper the curve the smaller the proportion of the 
load carried by the centering. The,lagging is designed for the maximum 
value of N, which will be near the springing generally. Dividing Nhy 12 
will give the equivalent thickness of slab, and the maximum span of the 
^leathing can be obtained from Table i, or the formula if it is outside the 
range of the table. If no live load need be considered the allowance of 
75 lbs. per sq. ft. in Table i can be turned into the equivalent of 6 in. of 
concrete and this amount added to the thickness of the slab ; that is, an 
i8-in. slab with no live load will give the .same* maximum .span of sheathing 
as will a 12-in. slab with 75 lbs. live load. 

The maximum span of the lagging for thU minimum value of N can 
also be found. One methoc^wouldtie to vary the spacing of the stringers 
uniformly from a minimum at the springing to a maodmum at the crown. 
It will be seen from Table i, however, that a large difference in load meana 
only a slight change in the span, which is not worth while since it is more 
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difficult and cottfusing to lay out and cannot be done uniformly as the 
stringers must .lap. Instead, it is better to space the stringers uniformly 
throughout and take care of the decreasing load by var3Hing the spans. 
The loads N multiplied by the spacing of the stringers in feet will give the 
variatioi¥ of load per lineal foot of stringA'. 

Taking an average load near the springing and near the crown, the 
minimum and maximum spans for a certain size stringer—^measured along 
the slojH' -can be found from formulas i and 2 (Chapter III), checking 
the size for shear and deflection by formulas 8 and 10. 

The size df timber should be such that the spans will be between 8 ft. 
and 14 ft. The spans must then vary between these limits, according to 
the variation of the loading, being generally fairly constant from the 
crown to the quarter-point and decreasing more rapidly from there to the 
springing. One* or two trials will determine the best spacing of the bents, 
when the size of the stringers should be checked, using the actual loads. 
These are obtained by taking an average of the loads at each end and 
assuming it is uniform over the stringer—this is only approximate but 
suflici(*ntly close. 

The Ipads on the joists arc transferred to the caps, which can be 
designed by the formulas for concentrated loads in Chapter III. 

Allowable shearing stress will often govern the size of the cap, as the 
loads are heavy and the spans short. The caps generally span between 
4^t. and 7 ft., which will be the spacing of the posts transversely in the 
bent. To rejiuce the shear it is best to place the posts directly under 
stringtTs, generally carrying two stringers on the span. 

Knowing the load on the posts, their size is calculated by the formula 
for posts in Chapter III. 

The bearing stress at tht* points of contact of the timbers should be 
investigated. The stringers will n'st obliquely on the caps and mu.st be 
* notched out to give a sufficient square bearing area. The posts must be 
sufficiently large to give a safe bearing stress on the cap and on the sills 
below; iron plates can often be used to reduce the stress. 

There are two other forces acting on the centering to be provided for, 
but which need not be calculated except in special cases of very high 
bridges. 

The tirst is the horizontal thrust on the caps due to the inclination ql 
the stringers. This is taken care of by notching the stringers over aifd 
wedging against the caps, by continuous longitudinal bracing just below 
the caps and by inclined struts against the caps near the springing {Fig. 

154). 

The other force is wind pressure, which is resisted by adequate sway 
bracing of the bents. Longitudinal cross-bracing is necessary to stiffen 
the structure, and is more ifhportant near the top than the bottom of the * 
centering. Centres should be cross-bitced wijth longitudinal and diagonal 
braces about every *k2 ft. in height. Longitudinally, the diagonal braces 
may be omitted in every other bay near the bottom. 

Whether the arch is a solid barrel or consists of ribs the centering is 
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designed in the same way, though in the latter case the posts will be closer 
together under the ribs. ^ 

Stresses and Timbers. 

If the lagging is to be uiied not more than two or throe tiroes, i in, 
tongued and grooved pine isi satisfactory. If used several times, ij in. 
spruce will stand the wear and tear better. Sometimes lagging 2 in. to 
4 in. thick is used, spacing the stringers farther apart and carrying them 
directly on the posts, omitting the caps. 

Stringers, caps, sills, and posts should be of the best timber available, 
long-leaf yellow pine being the first choice and then Douglas fir or equiva¬ 
lent timber, h'or bracing, spruce or fir is the best, though short-leaf 
yellow pine and sometimes hemlock can be used for less important 
structures. 

Lengths over 18 ft. to 20 ft. are c.xpensive and difficult to handle ; it 
is better to so design the centc'ring that lengths of 12 ft. to i6 ft. can be 
used. For a high centering the author })refer.s to build it up in tiers about 
12 ft. high rather than to use long jx)sts, since the timber costs less and it 
is quicker and easier to erect {see Fig. 154). .An e.xception to tHis is when 
rough unsawn timber is us<*d for the posts. 

The saf^ stresses given in Chapters II and III can be increased by 
50 per cent, when long-leaf yellow pine, Douglas fir, or equivalent timber 
is used. This will give the safe fibre stress in bending of 1,800 to 2,000 lbs. 
per sq. in.; in .shear, 300 lbs. ; in bearing, 600 lbs. ; and for posts about 
1,200 lbs. per sq. in. * , 

The best sizes of timber to use are 2 in. by 10 in. to 3 in. by 12 in. for 
stringers ; 6 in. by 6 in to 8 in. by 12 in. for caps and sills ; 4 in. by 4 in. to 
8 in. by 8 in. for posts ; and 2 in. by 6 in to 3 in. by 8 in. for braces. 

Typical Designs. 

The following designs are selected from the author’s experience a.s 
being typical centres for the different kinds'of concrete arches, and which 
were built under various foundation conditions such as are commonly 
encountered. ^ 

Fig. 151 shows the design of the. centering used for an open spandrel- 
arch bridge of two 86 ft. arches, each arch consisting of two parabolic 
“•^bs 5 ft. wide and 18 in. to 5 ft. di ep. The water was 3 ft. to 6 ft. deep, 
the current was swift, and the Ixittom not hard enough for sills—so pile 
bents were used. As this was comparatively the most expensive part of 
the centering as few piles as possible were driven (two to a bent under each 
rib). Using so few piles all braces were made a little heavier than would 
ontinarily be used. The piles were 25 ft. long, cut oft at the springing 
level, and the bents were erected in two tiers 12 ft. high on top of the pile 
caps. Wedges were placed under the top tier of posts. Figs. 152 and 
Z53 ^ow two construction views of this centering. 

A centering for a similar t3q)e of bridge, but of much greater span and 
rise, is shown in Fig. 154. The span is 200 ft. and the rise from bed of 
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Fm. 153.-SECOND ARCH BRING FOURSO. WEIGHTED CABLEWAYS AROUND RIBS OP 
FIRST ARCH ALLOW CENTERING TO BE STRIPPED FOR USB ON SECOND ARCH. 
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F»Oi. xss.^TIER VERTICAL POST BENT TVPE OF CENTERING FOR A TW>-RIB ARCH OF sao FT. SPAN AND 40 FT. RISE. 
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river to crown of ar^ 40 ft. Each of the two ribs varies in wklth from 
5 ft. 4 in. to 7 ft., and in depth from 3 ft. to 5 ft. 6 in. The depth of 
water varied from a few inches to 6 ft., and had a rise and fall of 2 ft. eadi 
day. Th§ river bottom consisted of 8 ft. of gravel overlying rock, the top 
of the gravel being loose and eompressiblc with the fine material ^washed 
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out. This gravel was too hard to drive piles into economicalfy, and as the 
loads on the posts were high (10 to 13 tons) k was thought there would be 
danger of settlement with timber ^s. After making a test of the bearing ' 
valne of the soil {which waS found to be about tons per sq. ft.) without 
app^dable settlement, it was decided to build concrete piers continuous \ 
un^ the three post bents supporting each rib. The width i^f the pi^s i 
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was increased nn deep water to prevent possible overturning. The con¬ 
crete was mixed 1:3:6, with gravel dug out of the river bed near the 
piers. The posts were set directly on the concrete. The bents were bitilt 
up in three tiers 12 ft. high. The longitudinal 6 in. by 6 in. siUs stiffened 
the stn^cture, formed a working platform^ and in particular took the 
horizontal thrusts on the four lower caps oh each side. (Note how these 
thrusts are transmitted to the sills through 6 in. by 6 in. inclined struts, 
shown also in Fig. 156.) Fig. 155 shows a view of this centering when 
completed. 

An altersative design for this centeiing, shown in Fig. 157, was made, 
using long inclined posts. This is typical for an inclined post design. 
The main object of this design is to reduce the number of footings by con¬ 
centrating three posts at one footing. In this case the number was reduced 
from 17 to 10. To shorten the lengths of the posts they start at the 
springing line, vertical bents being carried up to that elevation. The 
bents arc connected longitudinally by two rows of 6 in. by 6 in. timbers 
over each post, with the wedges between, the timbers butting tight 
against the end bents. Over each wedge is a short 4 in. by 6 in. to give 
more rooln for driving. If the wedges m this case were placed at right- 
angles they would have to be very wide to cover the three posts. Vertical 
posts are cleated to the caps, and the diagonal posts have T-shape sup¬ 
ports for the caps, which are placed radially to the soffit. The two lower 
(^ps are strutted diagonally, as shown. Each post is braced longitudin¬ 
ally with two rows of braces in pairs. This is necessary to prevent sag 
an(J bending*when using inclined posts. Cross-bracing on vertical posts 
connects the bents under both ribs; on inclined posts cross-bracing is 
only over the three posts of one bent. The details of stringers and lagging 
are the same as in Fig. 154. 

The objections to this type of design are the long lengths of posts 
^ required and the higher labour cost, which is much higher than, when all 
vertical jHists are used. The inclined posts have to be cut exactly to fit 
and are more difficult to erect. With this typi\ levels and measurements 
have to be very carefully made, as the posts have to fit exactly between 
two points: if they do not it is di^cult to change them. The main 
advantage is that fewer post footings are necessary. 

A centering design for a 66 ft. span, one of a six-span bridge with six 
ribs of the closed spandrel type, is shown in Fig. 158. In this bridge the 
ribs extend up to and directly carry the roadway. There is no water, 
and the posts set directly on concrete footings as the loads are high and, 
the posts too far apart for good distribution with continuous sills. Tlie 
loads on the^ stringers being high, inclined posts are used to reduce the 
spans, which also reduces the number of footings required. The ends 
of the posts rest on short 4 in. by 6 in.’s, and are weU tied together with 
two longitudinal braces, rJcated across the top to prevent spreading. 
These braces should lie tight against the sides of the piers, so that they can 
act as struts to take any possible thrust from the inclined posts. To act 
as ties, one of the bottom boards of the ribs is carried across the arch in 
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long lengths every 5 ft., the other boards being short. ’ Cujved strips aite 
nailed to the stringers instead of sawing 3 in. by 12 in. timlxTs. Tlie sides 





juau^tf 


of the ribs are formed like walls or deep beam side.s, and are braced across 
between ribs. Other details are clearly shown. 

Coming now to solid-hnirel aftbes, Tig. 159 shows a typical centering 
design used for a bridge of three 70 ft. spans, 40 ft? wide. One arch uras 
built in the dry, one in water 9 ft. deep, and the other half in water a^d 
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half in the dry. ' Fig. 159 shows the latter condition ; the right>hand 
is typical for the. 'deep-water arch ; and the left-hand half for that built Cfi 
high ground. The river bottom was rock, covered with 2 ft. to 3 ft. of saiil 
and mud. The posts were driven by hand to rock, without using s^la. 
One end of the braces wa.s nailed to the pqpts before driving. Where .the 
rock was clear the posts had timber sills wjth bags of dry concrete tied, to 
them to hold them down. Pn dry ground individual sills were used, ^ 
the ground was too uneven for continuous timbers. They were built ,of 
2'in. plank nailed to three 6 in. by 6 in. timbers 4 ft. long and 21 in. (m 
centre. T^je post re.sted on a 6 in. by 6 in.. 4 ft. long, laid at right-anglea 
to the timbers. In other respects the design was similar to that shown 
in Fig. 154, %nd the same timbers were used. Fig. 160 shows a viewtrf 
one of the centres. 



I■l>. ifMi .Centlrini. FOK A 70-i'r Span Soiiii-nAKRti Di-su.n fok uhuii It SHOWN IN Fig. 156. 


Centres for skew arches, either ribbed or solid-barrel, can be designed 
in the same manner, only the stringers must be placed at right-angles to the 
abutment or pier and not parallel to the longitudinal axis of the arch, so 
that they will bear squarely on the* caps. This will necessitate wider 
bents, overlapping the arch ring. Fig. i6i shows a design for a skew 
bridge of three 65-ft. spans with solid barrels. There*was 3 ft. to 5 ft. of 
water, with good gravel bottom. Each post had an individual sill of cross¬ 
piece and bag of concrete. The 2 in. by 6 in. on top of the posts tied 
them together and formed a seat for the wedges. As the wedges prevofit 
the caps being cleated to the posts, to prevent possible overturning of 
caps on th«? bents near the abutments they were strutted against tite 
adjoining bents at aa, and on the ends where no adjoining bents wefe 
available the thrust was transferred to the river bed by diagonal struts, ps 
at ab. Fig. 162 shows-a view of thet^enteriig during ccHistruction. ib 
the stringers are at tight-angles to the abutments they cannot be cut J|o' 
the true curve of the arch. 
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The method of de\ eloping the curve to which tlic V.triyg<*ri5 must be 
cut is shown in Fig. i6i. The true curve is laid out by ordinates from a 
line making the same angle with the horizontal a'» the bkew of the arcH, 
or the angle between the longitudinal axis and the face of the abutment. 
If the points on the line at which the ordinates aie taken are projected 
vertically downwards to the horizontal and the s,inie value of the ordinates 
laid off, the curve joining the points obtained will be the “ working curve ” 
of the arch to which the stnngers are cut. 

Practical Details. 

The first consideration in the held is Ln'ing out the ci'iiteniig so that 
the stringers can be cut accurately This can be done on a level plat- 
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form of 1 in. boards 4 ft. or 5 ft wi^e, laid roughly to the shajpe of the 
arch soffit. The arch soffit is marked out on the jilatfoim to full size, 
only half the arch being necessary if symmetrical, by means of the radii or 
by vertical ordinates from the springing line. Some vttlement will take 
place, so allowance must be made for it by giving the centie a cambtT, 
adjusting the true curve to this camber. The amount of camber depends 
on the span, height, and foundation conditions and method of pouring. 
About I in. to ij in. per hundred feet of span is a suitable camber. Each 
joint in bearing will take up V3 in. to tV in., due to tightening up of the 
centering when loaded and the biting of one timber into another. 

On the adjusted curve the lagging, stringers, and caps should»be laid 
out accurately. The required square bearing area df the stringer should 
be given on the centering plan ; this will determine the amount 'to notch 
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. out each end. ^ Tc'mplates should be cut for each typical stringer. Instead 
of cutting the stringers out of single timbers, if the radius of curvature is 
less than 150 ft. curved strips may be nailed to square timbers, so that full 
salvage of the latter is obtained. 

Saw cuts should be made true .so that i^l parts will ht together tightly 
and squarely; this is particularly true o| posts. The height of a post 
above the springing line can be obtained from the template and the depth 
below from levels taken at each foundation. 

The ijosts arc only temporarily braced at first, the final bracing not 
being completed until the stringers are wedged up to the correct elevation. 
Whether to enrt posts singly or in bemts depends on the means for hand- 
ling them. •The former is generally the cheapest, unless perhaps a cable- 
way is*u.scd. 

Tile cap and sills can l)e fastened to the posts by iron dowels or by 
nailing 2-ui. cleats at each side ; the latter is better and can be stripped 
more easily Stringers should be toe-nailed to the caps and wedged tight 
at the notclu's. Bridging is not necessary o,\cept with exccj>tionally deep 
stringers, /’ig. i()2 shows stringers in place on the caps. 

Whether to use nails or bolts is a matter of individual preference. 
The labour cost of drilling holes, fitting and tightening bolts, washers, 
and nuts is high, while there is little salvage as the parts arc easily lost, 
particularly over water. It is also difficult to tell whether the bolts are 
tight without testing each one. It is cheajxT to use 2od. nails or spikes, 
and they will give a stiffer structure. Braces should be spiked with four 
spikes at eaih end, and kept high enough above the water to allow passage 
fol' debris and ice if necessary. 

Wedges should be in pairs, of hardwood or long-leaf pine, tapering 
about I in 5. Eight inches wide, 12 in. long tapering from 3 in. to ^ in., 
is a satisfactory size, although it will dejxmd on the size of posts. Wedges 
are sometimes made in three pieces instead of two. They should generally 
be placed at right-angles to the caps, not parallel^ as they can be more 
easily adjust<‘d that way. If the centering is more than one tier high 
wedges should be placed under the top tier of posts. If the posts are in 
one length they should be under the posts when possible, as they are much 
more easily handled than when they lire at the top, although there will be 
more weight to lift; the posts and caps can also then be cleated together. 
Wedges should be inspected just before concreting, and should be watched 
during concreting, tightening when necessarj'. 

Sen^w jacks and sand boxes are seldom used as a means of striking the 
centering. A row of posts can often be saved at the piers and abutments 
by Ixilting the caps to the concrete, the bolts being set in the forms. 

Arch lagging is generally nailed on lightly in place, but may be built 
up in panels if it is to be usyd several times. It should extend about 2 ft. 
beyond the arch to form a gangway and footing for the side-form braces. 
• In ribbed arches a boArd should e^end under both ribs to form a tie at 
every 3 ft. or 4 ft. 

* The lower portion of the arch on each ade may sometimes be formed 
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advantageously with the abutments or piers, especially whpn the curva- • 
ture is steep at tliese pohits. 

Lagging should be placed as soon Uh possible, so that the steel workers 
can follow on with the reinforcing bars. 

Multiple Arches. * 

• 

When there is more than one arch there is the question of liow many 
full sets of centering should be provided, 'fhis is often sjMrificd by the 
engineer, as it will be governed somewhat by the atcli design With two 
spans it is nearly always necessary to build two coniplet<‘ ci'iitjes. Occa¬ 
sionally, when the rise is high compared with the sjian, and the lioiizontal 
thrust on the pier consc‘quentl\' low, it ina\' be jMissibJe to only one 
centre, by providing a teni|H)rary reaction to thi* thrust Tliis was 
done with the bridge shown in Fig 151 Cables wen* jiasst'd around , 
the ribs from abutment to pier at the springing level, and it jilatform, 
was built at the centre and loaded sullicienth to provide the necessary * 
tension in the cables to enable one arch to be stripped and the timber list'd 
again in the second arch , the cables and weights can be seen in /’ig. 153. 

In this case it could be done safely and nvire dieaiily than ])ft)viding 
sufficient timber for another tentre 

With three spans, tiM) centres are built, using the lirst centie foi the 
third arch. With four art lies, two 01 three centies aie used. With 
five or more arches, three or more centies are used. dejM*nding mainly^ 
on the speed required. 

For wide bridges it is sometimes etonomical to build the*centres for 
half the width of the bridge and movt' them sideways for the tither half, 
instead of moving a comjilele set of centi es fot ward. This is done by using 
double caps on toji of the jrosts, with the wedges placed between them. 
Before striking the wvdges, short jiieces of i}, m. 01 2 in. pijM* are mscrtetl 
between the caps to act as rolh'rs. Striking the wedgi's will let the upjxT 
caps down on to the rollers so that the caps, stringers and lagging can he 
rolled over to the adjacent bents. In the fust election the b«‘nts should 
extend beyond the bulkhead far enough for the stringers to lx* rf»ll<‘d 
over sufficiently to release the outside jwsts and caps, which can then he 
erected ahead to complete the secofid half of the ientering When the 
bents are two tiers high the double caps may be under the uj>i>( r jwsts, 
so that the whole of the upper half of the centering may be rolled over. 
This system is best adapted to .short span wide roadway bridges. 

In a 60 ft. wide bridge, tlie centering may bt; built for a width of 20 ft. 
and moved over twice. Care has to be taken to keep the centering 
moving evenly without distortion. After moving over the wedges are 
again inserted and the centering wedged up to line. 

Stripping. 

Wedges should be struck in paiA> from the crq,wn inwards to the 
springings, loosening them gradually without shock to the arch ring. 
About half the sway bracing can be removed in 7 days, and used in the * 

R 
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.• adjoining arch. Centres should not be struck under two to four weeks, 
three weeks being the u.sual time in summer for arches under lOO ft. span. 
Arches with high rise in pro{X)rtion to the .span can be stripped earlier 
than low arches. 

All braces are removed before stripping,the timbers, except thosti that 



fit. ibj Mf>iirui» oi' Stripfinc. High Arih 

* 


may be required for supporting scaffold plank. Low arches can be 
stripped bent by bent, pulling over a bent and knocking apart on the 
groimd when ix)ssible. Over water the timbers will generadly have to 
be taken apart in place. 

With high arches the stripping .should commence at the top, taking 
down tier by tier. 5 \n interesting method was used in stripping the arch 
«shown in Fig. 155. Ropes w'cre passed around the ribs under the ends 
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of the stringers, and tied. After the braces were knocked off the bentS 
were pulled over bodily by ropes, tier by tier. The timlH'rs were taken 
apart and dropped on to the ice, then the lagging and stringers were 
Ibwered down together {Fig. 163). Two carjienters and 5 labourers re¬ 
moved the centering and piled up the timbt'r on the bank ini4 days. 

With multiple arches a oentering must not bt' struck and stripped 
before the adjoining arch is poured, and sonjetimes it is required that one 
or two arches be undisturbed between the arch last poured and the arch 
being stripped. 

Bowstring Girders. * 

Overhead arches, or bowstring girdeis, where the roadway is sys[x*nded 
from the arch, consist of beam, girder, slab, and column units, and are 
built accordingly. The deck forms are built hrst, suiqxirted by Ix-nts 
or by individual shores, as in buildmgs, when tlie bridge is tt)w enough. 
After the deck is poured, the vertical .su.s|H‘nsion memlx*rs aie formed 
similarly to columns, and the hrch memlxTs hkt* Iwams Tlie sides of the 
beams must be tied across the top and will jH'ihaps leqmre back-forms 
when the slope is steep. 

Fig. 164 .shows the debiils of the foims used for an overhead arch of 
120 ft. span and 26 ft. rise, and a 20 ft. roadway and two b ft. cantilever 
sidewalks. The arch centering was laid out on the ground and the 
forms built accurately in .sections and numlieretl to save time in erectioix 
In each bay three double b in bj' 6 in .shores supjxirted tlu- arch rib, 
resting on wedges on plank sills. ()rdinary 4 in. by 4 in. shores supjxirled 
the deck beams from the rock bottom. The danger, however, of jilacing 
.shores close together in winter time is shown in the photograph, where 
.some of the shores are seen carried away by the ice. 


Steel Centres. 

• ^ 

When it is impossible to use bents and it is neexjssary to go into a 
trussed type of centering, steel trusses should be given consideration. 
When there are a large nunilxr of arches, even though Ixiit.s could be used, 
steel trusses may be more economical owing to the .saving in labour of 
erection. This is -particularly true when there is deep water under the 
arches. With low arches and a river subject to high floods, steel trusses 
will offer less resistance to the flow than will any other typt* of centering. 

The Resign of the trusses will depend on the de.sign of the arches, the 
method used to handle them, and on local conditions. In general, they 
are built up in sections with light angles. In mo.st cases ^ie members 
will be necessary to tie together the ends of the trusses, and these ties are 
suspended by rods from the bottom chord, to prevent sagging. 

The top chord may be curved |o the soiht of the arch, but is more 
usually in straight sectionsit as the {ru.sscs will tlieQ have more salvage 
value and can be more eakily adjusted to .suit different spans. The lagging 
may be supported in different ways. If the trusses are placed fairly close* 
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on centre, the lagging can span between tru'>ses resting on fnrved W’ooden 
strips bolted to the top chords; in this case 3 in. or 4 in. lagging is used 
{Fig. 165). 

For arches with high rise, the ordinary cap and curvi*d .stringer method 
may be ust'd {Fig. iW)). * * 

For arches with comparatN’ely low rise tlu' lagging may Ih‘ carried on 



plank stringers bc-nt over the caps to the curve of the arch, the caj)s 
being blocked up where necessary at tin- panel )K)ints {Figs. 167 and 
168). • 

There are three main methods of handling the tmsscs : by a travelling 
derrick running on a trestle parallel to the bridge, which is Hhe method 
most generally used {Fig. i6«) ; by an overhead cableway, used for high 
bridges and when there is deep water {Fig. 167), and by means of 
stationary derricks set up for each«arch on the gnound or on top of the 
piers. Another method sometimes used in deep w%tor is to float out 
the trusses on a raft, in which case they arc mounted on a frame on* 
which they can be raised or lowered {Fig. 166). 
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* Method of Loading the Centering. 

Some thought must be given to the method of pouring the arch so that 
the centering will not become distorted. 

Tlie best method is to pour the arch or ribs in alternate blocks running 
transver^'ly for the whole width of the arch or ribs. Corresponding 
blocks on each side of the centre line must be poured together at the same 



I'lt. !(<(>--Handlini.'Sii'M. Iri'ss Cenihm h\ Fu>atihci into Position Wood Cats, Strinckrs 

AND Lacoing. 

rate, and in ribbed arches corresponding blocks in both ribs must be 
poured together in order to load the centering equally. The siae of the 
blocks in large arches should be such that a set can be completed in one 
day. Thererwill always be at least five blocks to an arch, two at the 
haunches, two at the springings, and one at the crown, the haunch blocks 
being jx^ured first, then the'springing blocks, and last the crown. This 
is in order to provide some weight nfar the croMm so that the centre will 
not ri.se when the end blocks are poured, whicK is a conditiwi that always 
ha.s to be watched. 

It is better still, especially in long span arches, to pour in seven sections. 
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in which cast' the sides of the crown sections are poured first, then thfe 
' two nearest the springing^, then tht‘ two Ix'tween these st'ctions, and last 
the crown section. 

Pouring arches in narrow longitudinal ribs i.s not a particularly good 
method, as it is more ex|xjn!iive and more difficult to prevent distortion, 
and greater stiffness of the ei’iitering is nec(‘ssary. In this method, and 
when a small arch is poured completelv in day, ptmring must be done, 
at the same rate from each abutment to the crown to load the centering 
symmetricall>', and a tempt>rary load may Ix' required at the crown to 
prevent it rising. 

With ste«*l centres the arch or nbs should always Ix' pqjired in trans- 
viTst* blcxks to avoid cracks which may oi'cur in the arch due. to slight 
e.xpansion and contraction of the steel under changes in temperature. 

Estimating Cost of Centering. 

footings, foundation work, lagging and material for wedges should 
be estimati'd separately fiom the centering projx'r. Conen'tc* work in 
f(X)tings, till' driving of pil<‘s and the [ilacing of timber sills cab Ix' esti¬ 
mated fairly closi lv, but whatever foundation iru'thod is used a certain 
lump-sum allowance should be addc'd to cover what cannot b<‘ c*stimated , 
clo.selx. 

Lagging is best estimati'd by the sejuan* fo(»t laid for Ixith material 
and labour, allowing for the overhang on each side of tin- arch or ribs. 
To place and strip 100 s(j. ft of lagging will require 2 to 3 hfmrs time of a 
carpenb-r and labourer for i m. and 2 in. lagging n'spectively, and pro- 
jxirtionally for intermediate thicknesses. 

The centering propi>r cannot be estimated closely without first making 
an approMinati' design and skidch and calculating the amount of timber 
required, as hardly any two bridges are alike in all resjx'cts. A rough , 
estimate of the amount of timber required can lx* made b\’ allowing 
I cu. ft. pcT sq. ft. of area supported by the sentering ; that is, the overall 
width of the bridge multiplied by tlu' i lear span. As a guide, the amount 
of timber used in Figs. 151 to Ibi is given, with and without piles, but 
exclusive of sills, foundations, wedges, and lagging. 

Design in 

Fig. 151 required (without pil<s) 970 cu. ft. -- ‘40 r f. per sep ft. 

Fig. 151 „ (with piles) 1250 cu. ft. -- -51 c.f. per sq. ft. 

154 M 4200 cu. ft. 0-62 cu. ft. per sq. ft. 

157 •> 40^^ “ ®'59 

Fig. 158 i6orj cu. ft. = 0-51 „ ,, ,., 

Fig. 159 „ (for arch over dry ground) 1075 cu. ft. 0-39 

cu. ft. per sq. ft. 

Fig. 159 (for arch cyer water) 1300 cu. ft. ~ -46 cu. ft. 

’per sq. ft. i 

Fig. 161 „ 650 cu. ft. — *47 cu. ft. per sq. ft. 

TTie labour cost is calculated on the amount of timber estimated. 
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* When vertical posts are used the cost is not much affected by the span 
and rise. 

To erect and strip loo cu. ft. of timber will require about 27 hours 
time of a carpenter and labourer. When short inclined posts are used in 
the top tier of bent.s, about 10 per cent, shduld be added to this time. 
When long inclined posts are used about 2(5 to 25 per cent, should be 
added. a 

Oiling of lagging should be estimated .separately. 

V 



CHAPTER XIX. 


OTHER BRIDGE FORMS. 

Apart from arch centering, bridge forms are in tiu‘ main simjiar to 
corresponding forms in building construction, so that onl^? the details 
required to adapt tliese ff)rms to bridges need be considew'd. 

More attention has to Ix' paid to obtaining straight lines and true 
surfaces, since anv inegularity is very noticeable in a bridj^e. When 
setting the forms it is best to work to as long a line as possible, as short 
lines tend to produce* kinks in the corten'te. The lines, especially of 
copings, sliould lx* watclu'd all the time concrete is being poured so that 
.slight adjustments can be made if necessary before the conefete sets. 
New matched timlx'r should lx* used for all exposed faces, and if us<*d 
more than once should be well ch*aned each time. Exposed faces should 
be stripjX'd when jHissible within 48 hours so that the concrete can lx* 
rubbed dowm while still green , 

Abutments and piers have hei'u mentioned in the chajiters on walls 
and dams, and thes<‘ chapters viill alstt explain how to bifild forms for 
wing walls. 

.\rch centering is often strijiped for use on another arch before the 
spandrel walls or columns and d(‘ck are built, in which case these forms 
have to be sujijxirted from the concrete alone. 

Before jxniring the arch ring, consid(*ration should be given to the , 
design of the spandtel forms, so that bolts or wires can be left in the 
concrete where required to sc*rve as anchors for foot-blocks and shores, 
otherwise much extra bracing may be required. 

Pier Nosings.'-Pier nosings or cutwaters are generally built up 
into a unit. A curved form is the mo.st usual shape. The horizontal 
yokes, generally of i in. material, arc cut to template, the sections over¬ 
lapping and bsing nailed together. The .sheathing generally cannot be 
more than 2 in. wide, and the boards must be tapered towards the top if 
the pie* batters. 

The yokes should project beyond the sheathing so that they can be, 
nailed to the side wales {Fig. 169). The lower yokes shoulfl be wired to 
iron rods set in the footing, and in addition all yokes may be wired across 
to the side wales. Vertical timbers placed gainst the yokes will stiffen 
the form. • . 

Nosing caps are generally half a pjo-amid or sone in shape. They 
; should be formed and ^ured with the piers, not with the spandrel walls, 

■ often beir^ part of the skew-back forms for the arch {Fig, 170). TTiey 
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Fig 170 .—arch SKEW BACK FORMS TOP OF PIBR. 
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can often be advantageously formed with sheet metal; if not, i in. ribs 
are used with narrow sheathing coming to a jioint at one end. Flat caps 
can be built up to a template without a form. 

Arch Side Forms,—Arch side sheathing should generally run 
horizontally, and not vei^i<j^lly. The form can be made up^^in short 
panels with studs attached, jising the centering temjilate for cutting the 
curve ; or the studs can be erected first and tein|xjrarily braced, after¬ 
wards cutting and nailing on th(‘ boards, 'ftie panel method will give the 
best job provided tht* arch is built true to the curve. The studs arj^ 
usually placed vertically except for a few neai the springings ; but are 
sometimes placed radially, which avoids the nect'ssity ol cutting the 
bottoms of the studs to fit the curve. The joint of tlu* .side^orm with the 
arch lagging is alwavs covered with a bevel strip. If the curve is sharp, 
the bevel strip nia> be bent without breaking by first .srxiking well in 
water. • 

The lower ends of th(* stiuls, cut to fit tin* curve, are held by i in. by 
6 in. riblxins nailed to tlie lagging Wales must bi* used to keej) the form 
in liin*. In barrel-ar('h(‘s tlie\- can be wired to the bottom arch steel, and 
in addition be biaced from th<* lagging. In rib arches they ar^ wired or 
l)olt<*d together .uioss the ribs. 

Side forni.s can be sivn in s<'veial «>f the ligures of the jirevious chapter. 

Arch Backforms. -Backforms will be rucessary wh(*n the arch is 
ste<‘p. They can be built lightly, as tln're wall be little pressure on theyi. 
With ribbed arches, short boartls are nailed on top of the upjxT bevel 
strips as th(‘ conciete is poured. If the ribs are so wuh* that tin* toj) 
boards may bend, a centre i-in. batten can be used, wiring it to tlu^top 
steel of the arch. With barrel archi's the backfonn is madii up in jianels, 
2 ft. to 3 ft. wide and as long as convenient, setting them as required 
(see /'■jg. 73. Chapter XI). 

Arch Bulkheads. -Bulkhead forms will be necessary at construction 
joints, either longitudinal or transvi‘r.sc. If the arch is jxiured in 
longitudinal rings the bulkhead form w'ill lx- similar to that fur the sides. 
If built across the arch it will lx* in three parts. A .straight strip is j?laced 
under the bottom reinforcing steel and another one on toj) of the top steel. 
Between these .strips, pant‘ls are set with notches cut out for the reinforcing 
rods. Battens hold the thret* jjarts together and a few diagonal braces 
will hold the form in place. 

Spandrel Wall Forms.—The sheathing is run horizontally and is 
made yp into panels between expansion joints. The wall will either be 
flush with the face of the arch or, more u.sually, set back an inch or two. 
In the former case the sheathing will overlap the arch and need not be 
sawn to the curve. When the wall sets back the sheathing must be shaped 
to the arch ring. In either case the studs should extend below the top of 
the arch so that the}'^ can bear a^nst the face, notching them out at the 
bottom when necessary. * They are held by a wyle bolted to the arch 
concrete (Ft/»s. 171 anfl 172). This wale can be in .short straight lengths 
or consist of two planks which can be bent to the curve, with the bolls 
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between them. The other wales can run hoii/.ontal or partly on the skew. 
The whole outside form should be set lirst and liiK'd u]>, so that it can Ix' 
set to one long line. The inside form n(*ed only be set up as required • 
between expansion joints. The studs should be nailed to a curved board 
laid along the top of the arch , this will prevent concrete escaping un(>r 
the sheathing. If there is considerable batter on the fonn it may have 
a tendency to uplift, and this can be jirevented by wiring the lowest wale 
down to the concrete by wins left in between the forms. The in.side 
fonn .should be shored back to the arch ling, tlu‘ ends of the shores b<*ing 
nailed to footblocks, wired oi bolted to the concrete (FVg. 173). 



|i^ 173 —ImiDB Spandrm. Hall Form. 
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, The coping Jis formed by notching out the studs if the overhang is 
small. If too large for this method, the coping form is supported on 
brackets nailed to the studs {Fig. 171). Coping forms must be well 
braced and lined up carefully. To obtain good lines on the face it is best 
to use sheathing at least in. thick, as it ayUI be less flexible than i-in. 
boards. , 

Open Spandrel Deck Forms. —If the arch is a solid barrel support¬ 
ing a beam and girder roadway on walls or columns, the forms will have a 
iwlid supixirt and are built in the same manni'r as in building construction. 
Ihc posts should be set on longitudinal boards or nailing strips, and 
should be well braced and blocked to prevent slipping on tlie curved 
surface. Wedges should always be struck under the centering before 
building the forms for the deck, otherwise striking the wedges and conse¬ 
quent settling of the arch will throw the forms out of line. 

The deck forms for ribbed arches present more difliculty, as they have 
to be sujifKirted from narrow ribs or from the centering. The latter 
method is not often usc’d, because it is not usually economical to carry the 
deck supports right to the foundation, and it also means tying up the 
centering until the deck forms can be strip[)ed. 

However, this method may be suitable in the case of a one- pr tw’o-span 
bridge of low rise, wheie the centering is only used once. Additional 
jHists will be requiied in the bents between ribs to carry the shores for 
the beams. 

More often it is desirable to strip the centering as early as pos.siblc, 
both to u.se on another arch and to j)i event possible damage from floods, 
Ix'fdre the deck forms are commenced, in which case the latter can be 
sujqxirti'd from the ribs only. The design then will depi nd on the design 
of the superstructure, the width of the ribs, and the distance betw'eon them. 
It will always be possible to shon* some of the beams directly from the 
ribs : the main dithculty will be with the beams that come between ribs 
and with cantilever sidewalks. Timbers can bo placed from rib to rib to 
supixirt the shori's, but general!}’ they have to be so heavy to carry the 
concentrated loads without deflection that the method is not economical. 
Also, it is difficult to set these tiinlx'rs level on a sloping surface, as they 
have to be blocked up and well braced. 

A good construction is shown in Fig. 174, taking the deck over the 
arch shown in I'ig, 154 as an examine. Vertical posts support the beams 
where possible. The centre beam is supported by “ A " frames, made of 
tw'o inclined posts and braces. All posts are in line so that they can be 
securely braced together in bents. Wedges for adjusting the beam boxes 
are placed between two caps, the upper wedge serving merely as a bearing 
timber and the lower carrying the load. When the posts cannot be placed 
directly under the beams, thejow’cr cap must, of course, be heavy enough 
to carry the concentrated loads. Tlie two caps can be cleated together 
after the wedges havg been Anally aiijusted.*^ 

To reduce the number of post bents required, the beam bottoms, 
instead of being 2-in. planks as would ordinarily be used, consist of i-in. 
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boards nailed to two timbers on edge, thus allowing a longef span between* 
shores. Beam sides should extend to the bottom of these timbci*s, and, 
if made sufficiently stiff, they will carry the load from the slab. 

Posts should rest on plank or board sills and lx‘ toe-nailed to them, 
with blocks or struts to pref^ent them slii)ping down the slo|ie. 



For some distance each side the crown the depth from the top of the 
ribs to the bottom of the beams will often be too small to .support the 
" A frames on top of the ribs, as|ly; posts would be at too flat an angle. 
A steeper angle can be obtained by bolting yokes oyer the ribs as shown 
and supporting the ” A * frames from the bottom members, .securely tying, 
the bottom of the posts together. 
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' The cantUe/er sidewalks are supported from the same caps by extend¬ 
ing them out and shoring the ends diagonally back to blocks on the out¬ 
side posts. The angle of the shore with the horizontal ^ould be 60 
degrees or over. In addition to support from the blocks, the diagonal 
shores should be nailed or bolted to two croi» braces extending Across the 
bent. Near the crown these shores can be carried on yokes, as shown. 



Fio. i7s.-^i’ppoKTiNC Dkck Forms by '* A '* Franks and Yoku ajroums Ribs. 

The sidewalk form is made up in panels on frames of r in. in.^ 
boards and rests on a ledger on the outdde beam form and on a timber 
spanning between shores. To give a s^per angle to the shores the side¬ 
walk fonn is allowed<to cantilever over a ^ort distance, and to prevent 
any possible overturning the frame is nailed to "the beam ^de battens, 
which are placed on edge. 
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Fio 170- SUPmuriNO cvniilever sidewalk fokms near the crown. 





Fk. 177.—supporting cantilever sidewalk forms near 'IHB ABUTMENT. 
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Figs. 175, ifCi, and 177 show the methods actually used on this bridge, 
which were necessarily somewhat different as use was made of the sted 
I-beams in the old bridge. An “ A ” frame at each column supported a 
20 in. l-bcam under the centre beam, running longitudinally, and in place 
of the 4 iw. by 4 in. caps, 7 in. I-beams were «scd, supported over the ribs 
by the toj> chords of the old steel arch, aroufld which the new bridge was 
built. Yokes around the ribs were used, as shown, near the crown. 

When the ribs are very narrow and far apart and the arch is very 
high, a condition sometimes occurring in arch viaducts, the method 
described aliove would not be suitable as there would probably be three 
beams V> su])|[^)rt betwt*en ribs and the posts would be very long. In this 
casti by lining heavier timbers the posts may be omitted entirelj'. The 
beam bottom can lx* built in the same manner, but the stringers must be 
heavy enough to span from column to column, usually 16 ft. to 18 ft. 
At the columns they can be earned on heavy ledgers bolted to the con¬ 
crete, one on each side, or supported by posts from the libs. If posts are 
u.sed they should be bolted to the column 

In Fig. 174, if this method were used, two 4 in. by 12 in.’s would be 
required to carry the beams, resting on b in. by 16 in. ledgers, eithei 
bolted to the concrete or shored by posts at the centre of the ribs. This 
* method can be used economically when the centering is designed with this 
in view, so that the timbers can be used again m the deck forms, 
c The beam sides can be* bolted or nailed to the stringers, and should be 
cros.s-braced in each bay to stiffen the forms. A 2 in by 4 in. nailed to the 
side, of the stringer will support the beam .side during erection, or sides and 
bottom can be erected as a unit. This constructioh is shown at a. Fig. 
178. 

When there au* brackets on the ends of the bc'cims the stringers can be 
dropped .sutliciently below them and the beam bottoms can be 2-in.-plank 
i ruuning longitudinally, being blocked up from the stiingers about every 
3 ft. 

Cantilever sidt'walks sometimes occur with earth-filled arches when 
counterfort spandrel walls an* ust'd. The forms will be easier to construct 
as they can lx* carried on brackets nailed to the wall form studs. 

When the walls are stripped before building the sidewalk forms, bolts 
'Should be left in the concrete for ledgers, one near the top of the wall and 
tfie other about 6 ft. lower, to w'hich the brackets can be fastened. To 
givp*a steeper angle to the diagonal arm of the bracket it can be supported 
on* a :^ort timber bolted to the underside of the arch. Fig. 178 shows 
a method of buUding the forms for a sidewalk carried by cantilever beams 
’ ?it each counlerfort. A bracket on each side of these beams will support 
'the beam forms. Although it is easier to build the sidewalk and wall 
forms together, it means delaying the stripping of the walls until the side¬ 
walk jtan-be stripped. . . r , 

' Railing Forms .-*-The most potked part of a bridge is the raiding, 
and tlierefpre attention must be .gaid to^the^fprms^on which its success 
will 'mainly riepend. Neyv timber should be used, and sheathing boards 
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should be i J in. to 2 in. thick, as they are easier to Wue to line than 
thinner boards and require less rejmir with repeated usage. A timber 
easy to work and with little grain should be chosen, white pine or spruce 
being very suitable. 

Long lines should be wprked to, and measurements shoi;|d not be 
made from the faces of the avail coping, since any irregularities in it will 


,Ccintilei>'er 


\ 


\ 




\ 


I Coc/nkr-foH. 


i- 


f/ QjJd. Canti/epyr' S/dewaJIt 'forms , 

• • • • * 

be repeated in the rail, where they are still more noticeable. Forms 
should not be set and poured in .short sections where there are long 
unbroken lines, as every construction joint,tends to produce a kink in the 
line. When there are intermediate posts breaking up the lines, tl^c forms 
should be completed,beWvecn i 5 )lts before poiiripg. ‘ • f . 

'Pouring in as lon^ a section as possible is. particulafly desirable for 
base or plinth, and th? coping ,along whjch the pye naturally*.'trav^s. 
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• The simplest«t3^ of rail is the plain solid wall merely relieved by inset 
panels. Various methods of building and supportii^ the forms are shown 
in Fig. 179. This i3rpe of wall may be set on a base, in which case the 
base form is set and poured first. A simple form of clamp will hold the 
sides {Figf 180). As the form will only a few inches high there will 
be little tendency to side movement, but a iew wires embedded in the 
concrete and twisted over the clamp are useful. 

The more elaborate rail consists of a plinth or base, a dado or central 
portion, and a top coping or rail. The dado is usually divided into panels 
between post^, and may be solid or pierced with openings, or consist of 
separat^^ moulded balusters. The method of building the forms depends 
largely on Jthe design of the rail. Except with a very simple design it is 
best to form and pour each part separately, as making one form to include 
base, dado, and coping is usually expensive and difficult to set and strip 
without breaking off corners. 

When the base nins in an unbroken line or with only offsets at the 
I)osts it is set and poured first. 

If the posts set on the wall coping and not on the base, they are formed 


first and fhe base built Ijetween them. 

The form for a plain rectangular post is similar to a simple column form 
^with the yokes nailed or clamped together {Fig, 181). They can be 
braced to stakes in the fill or to blocks bolted to the roadway slab, and can, 
if^esired, be set in a template as shown to hold them square. Two 
methods of building a form for a post with base, dado, and cap are shown 
at a and b {Fig‘. 182). In the first case the whole post con.sists of one form, 
builtf with two sides and two ends and held together by yokes like a column 
form. In the second case the form is in four separate parts laid on top of 
each other. It will be found much easier to build than that shown at a, 
and has the advantage that each part can be stripped separately. Form 
b can be stripped before forms q and c, and this prevents breaking off the 
Tlower edges of the cap, which will tend to split off diagonally unless great 
care is taken. 

A simple dado form for a plain waU with inset panels between posts 
is shown in Fig. 183. The base and posts are formed and poured 
first. (Note that if the coping were formed with the wall it would be 
difficult to strip the form without breaking off the lower edge of the 
coping.) 

Dados pierced with openings should have the opening forms made as 
separate units apart from the side forms. They are then lightly jaailed 
to one side form and the other side form butts against them (Fig. 184, a). 
To facilitate stripping, the opening form can be made in two halv^ as 
shown, with a bevelled edge board opposite the joints which can be 
removed first. The form wUl.remain in the concrete when the »des are 
stripped and .so protect the edges. , 

Sometimes these foims are split down the centre and each half nailed 
to a side form, but it is difficult to match up the sidbs exactly and a ridge 
will tend to form in the concrete at the joint, and when stripping the drag 
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of the form ma^ break off the edges of the concrete. This method can 
only be used successfully when the sides of the openings are bevelled to a 
point at the centre {Fig, 184, c). 

A dado which looks like a solid wall pierced with openings may be 
split up ifito pre-cast units, with joints at Ijie centre of the openings as 
shown at 6, Fig. 184. , 

Dado forms are expensive to make up, and so they are used several 
times, but the coping form shbuld not be set until there is a long length of 
dado ready so that a long unbroken line can be obtained. It is becoming 
more usual ip build the dado 2 in. to 4 in. thick and pre-casting the paneh 
between posts or in sections 3 ft. to 4 ft. long. 



I'K. 186 I’Nh’CAST Soim I’an'km I’osts and Copinc. formed toofthfr. 


A wall less than 4 in. thick cannot be successfully cast in place. This 
method can be used for solid panels or pierced panels! In this case the 
panels are set up on the base in a slot to receive them and temporarily 
braced, and the coping form is built around them. If there is a post the 
width of the coping between each panel, both posts and coping can be 
formed together {Figs. 185 and 186), 

When the'dado consists of moulded balusters these have to be pre-cast. 
Balustere are set in a bed of piortar, either a slot being left in the base to 
receive them or merely a hole for the centre reinforcing rod. Balusters 
should be set vertical whether the ba^Ss level or on a grade. After being 
set the Cluing is formed around them, using clamps to hold the sides. If 
fhe balusters are divided into panels by plain posts, these can be formed 
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with the coping {Fig. 187). Expansion joint material is sfgt in the forms* 
so that the forms need not necessarily end at the jc^ts. 

The top of the coping is best shaped with a wooden trowel made to fit 
the outline and not with a form, as better lines will be obtained. 

Forms for Pre>ca8t Unjts. —^Unless the shapes are simply in out¬ 
line, pre-cast units are best left to specialists in this work. Knowledge 
not only of how to make the moulds but also of how to mix and pour the 
concrete is necessary, since often with the be!»l built mould it is difiicult to 
obtain a good surface, the chief trouble being with air bubbles and voids. 

Wood moulds are used for flat panels and simple shapes.^ They are* 
best made in a shop, where better workmanship can generally be obtained. 
The main point in their design is to allow for easy removal of^tlie unit 
without injury and while still green. For moulded balusters, sand, cast- 
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iron, or plaster moulds may be used. Tlvis is work for a specialist and 
not for a general contractor. Sand moulds will give good results but are 
expensive. Cast-iipn moulds are good, and after a set of them is made 
the casting can be done quite easily on the job. 

Cast-iron moulds should be about | in, thick and in two parts, the 
mould facing split longitudinally and the two halves bolted together, with 
the faces in contact machined. At any place where it is difiicult for the 
air to escape, as, for instance, at the top of the base, a small hole should be 
drilled in the casting. The form should be stripped vathin 4)^ hours, and 
the balusters can be finished successfully by ijibbing with pieces of burlap 
soaked in water to which a little cement is added. Fig. 187 shows 
balusters cast in iron moifids on*tfie job and finished in this way. 

Concrete lamp-posts <are cast in wooden forms. They can be pre-cast 
and then erected, but the erection will* generally be more difiicult than* 
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•arecting the form and casting in place, as the form is more easily braced 
and handled and a better connection can be made with the post or pedestal. 
The lamp-posts shown in Fig. t86 were first pre-cast but afterwards cast 
in place. 

Ornaments.—Ornamental work cast ip place should be confined to 
copings, cornices, belt courses, brackets, and simple panels. These forms 
have been described in previous chapters. Elaborate relief ornaments 
should be pre-cast and set in the forms or in recesses left for them. 

Girder and Trestle Bridge Forms.-—These require no particular 
‘mention, since they are similar to forms for building construction, using 
bent ^supports when necessary as in arch centering. 

Estimating Cost. 

Bridge forms are built under so many varying conditions that the 
same uniformit}' of cost cannot be expected as in building construction. 

The amount of timber required per square foot will be approximately 
the same as given for the corresponding building forms. The number 
of times the timbei or panels can be used will depend on the location and 
should be estimated for each operation. Sufficient timber should Ixj 
provided and sufficient panels made up so that the optTatives will 
not be waiting for panels to be stripped from another part of the 
structure. 

Factors entering into the labour cost arc height and length of the 
structure, accessibility, water conditions, method of handling forms by 
hand or maehinery, and the number of times the forms can be u.sed. 

•The highest unit cost will in general be for small one-span bridges, 
because the timber can be only used once or twice. With multiple arches 
the forms can be ust'd st'veral times and as the making up of the panels has 
to b(‘ done onci* only the unit cost is reduced. Also, with frequent 
rejictition of the same ojierations, the carpenters become more efficient. 

A high structure generally means lost time in jrlimbing around and 
getting to the work and more difficult .shoring and bracing. 

The jirest'iice of water will alway.s mean higher costs, particularly for 
the substnicture, as the work will be le.ss accessible, timber and panels 
will have to be carried a greater distance, workmen will move about more 
slowly, tools will be lost, and stripping will be done under greater difficul¬ 
ties. The usq of cableways, travelling derricks, or other plant will reduce 
the cost of handling the forms, especially in large bridges. 

It is only possible to give a range of unit labour costs, the actual cost 
to use for estimating depending on the judgment of the estimator of the 
difficulties of the work. 

The number of labourers or carpenters’ helpers will be approxi¬ 
mately the same as the number of carpenters used on any particular 
operation, although certain work w’ill be done entirely by carpenters and 
other work entirely by labourers. ' The number of hours required to 
build and strip the different kinds of forms is thwefore given as the time 
for one carpenter and one laboi*rer working together. 
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To build panels, erect, and strip loo sq* ft. surface cofttact of forint 
will require approximately the following numbt*r of hours time of one 
carpenter and one labourer ; 



Hours. 

Piers, abutments, and whig walls . 

• 7 

to 

10 

Pier nosings or cutwater^ .... 

14 

«• 

18 

Arch sides ..... ^ . 

10 

1 1 

Id 

„ backforms ...... 

4 

f» 

() 

„ bulkheads . . * . 

H 

• 

10 

„ spandrel walls. 

fk 

9 t 

u 

„ copings .... 

Vi 

1 t 01 ^^ 

Slabs ........ 

5 

m 

7 

Beams and girders ..... 

11 

t > 

14 

Columns ....... 

10 

• 

»• 

Id 

Brack(*ts (each) (car}x*nters only) . 

/ 

«» 

14 

Railing—base ...... 

0 

«• 

12 

posts ...... 

10 


14 

plain dado ..... 


•k 

12 

balusters formed in plan* 

1.2 

ft 

1,5 

coping ...... 

12 


1.5 







.CHAPTER XX. 

PATENT DEVICES. 

TiiERfi Arc sQme oj)erations> in formwork construction that are slow and 
comparatVcly exix'nsive, and which form a large proportion of the total 
cost of the work. l*'or instance, wiring up a wall-form requires at least 
two men, possibly throe, to handle each wire and spreader, and the cost 
of doing this work is quite a large proportion of the cost of erection. 
Making and placing shores and wedges is another item that is compara¬ 
tively expensive, requiring three men for the erection of each shore. 

To eliminate much of this labour, many patented devices have been 
placed on the market. Although the main idea of these devices is to save 
labour, in some cases the cost of material is also reduced. 

Whether to use these patented articles or not mainly depends on the 
volume of concrete work the contractor is doing. In most cases the first 
outlay will cost more than using ordinary methods, so that their economy 
depends on the number of times they can be used. They should therefore 
in most cases bo regarded as plant and be charged to the job in the same 
way. As plant they are a go^ investment. Practically ^1 these devices 
are either of the nature of wall ties, column and timber clamps, or adjust¬ 
able shon*s, and are practically all manufactured in America; they are 
not nearly so well known in thi.s country as they deserve to be. 

Wall Ties and Clamps.—The use ot ordinary wire for tying wall 
forms necessitates the cutting of the wires to lcngth,'driiling four holes in 
the forms, pa.ssing the wires through one side and pulling through the 
other, twisting around the wale, twisting on the inside against the 
spreaders, cutting and placing spreaders, cutting off the ends of the wires, 
and patching the holes—quite a large number of operations. 

If the walls are under water pressure the wires tend to form a passage 
for the water ’and rust spots appear on the face of the wall. Bolts are 
easier to place, but the first cost is high and they must either be left in the 
wall (when the ends are difficult to cut off) or they must be pulled* which, 
imless done as early as pos.<iible, may cost more than the material is 
worth and holes are left in the wall; and however carefully patched these 
holes may cause leaks. 

With very narrow walls the spacing of the spreaders and the tighten¬ 
ing of the wires within the forms is diff^nilt or impossible, as there is little 
room to work, especially when the walls are reinforced. 

1 The following clamps and ties^are designed to remove some of these 
objections to wires and bolts. 
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Tyscrus [Fig. 188).—Manufactured by'the Richmond* Screw Ancho!* 
Co., of Brooklyn, N.Y. 

" Tyscrus ” consist of two No. 4 wires electrically welded each end 
to a helix of wire which forms a 


nut for ordinary | in. diameter 
lag screws. Their workiAg 
strength is 5,000 lbs. They 
are made in lengths of 4 in. to 
30 in., varying by 2 in. TV 
wires act as spreaders as well 
as ties. For watertight walls, 
or where an exceptionadly good 
finish is required, the ends of 
the wires are kept back i in. 
from the face. In cither casi> 
the wire remains in the wall 
and the lag screw.s are removed. 
For panel construction with 
vertical lifts they form useful 



anchors, and they can Iw usc'd 
for attaching anything de.sired 
to the wall. 

Hawley Tie Bolts {Ftg. 
189).—Manufactured by the 
Hawley Tie Bolt Co., of Fort 
Worth, Texas. 

These consist of three parts, 
a centre rod threaded each end 
which Temains in the wall, and 
two end rods which are tlireaded 



at one end on the dlitside and at the other end on the inside ; these are 


removed. The rods arc fitted with washers and nuts. 



Universal Rod 
Couplings (Fig. 
190).—Manufactured 
by the Universal 
Form ’ Clamp Co., 
Chicago, Illinois. 

These have a 
centre and two end 
rods threaded each 
end, the rods being 
connected by two 
hollow-threaded cone 
*nuts. The nuts are 
adjusted to space 


the forms, ^acting as 


Fig. 190. 






I 3 ESIGN OF FORMWORK. 


spreaders, and'arc removed 'by a wrench fitting into a square socket 
at the large end of the hut. The ends of the rods can be fitted \trith 
nuts and washers or " Ihiiversal ” fprm clamps (.see below). ' The 



advantage of the c lamps is that the outer rods need only be threaded i in. 
dl one end and can be any length, allowing for use on various thicknesses 
of timber. 

XJniversol Wire Clamps igi).—Manufactured by the Universal 



IllmoLs. 

These are used with ordinary wires and 
save labour m tying, which is done from 
the outside of the form. The clamp locks 
itself. 

Bulks Form Clamp'■{Fig. 192).—Manu¬ 
factured by the Washington Steel Form Co., 
Washington, D.C. 

Thi.s is a casting used on the outside of 
the form for tightening the wires. The 
ends of the wires are passed through the 
clamp, which is turned until the wires are 
tight, and then nailed to the stud or wale. 
The same clamp can be used for folding 
column forms, as shown, and is useful for 
round column forms. 

M. & M. Clumps {Fig. 193).—^Manu¬ 
factured by the M. & M.. Wire Clamp Co., 
Minneapolis, Minn. 

The ends of the wires are inserted in 
the end slots and the clamp is turned by a 
handle until the wire is tight; an angle 
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ir9n/ls then dropped, into the wntre slot to hold the clamp in* 
ptece. , ■ • ' 

T^qrim Wall Tic i94).--Jllanufactiirod by the Marion Malleable 
Iron Wcj-ks, Marion, Indiana. 

The hf^eabie iron tightener iJ; ^ 

attached to a wire passed thpt)ugh one iM 

side of the form and a lx)lt is sm'wed ^ 

into it from the face side ; or two tight- j 

eners may'be used as shown* with tin* « 

wire entirely within the wall. The 
bolts govern the tension in the wiie 
and allow for alignment, and are with- 
drawn after the concrete has‘^et. They - ^ 

are made in five sizes, taking from | in. / 

to I in. bolts. ^ 

Marion Couplings and Spreaders 
U’tg. 105) -■ Manufaetured l)\' tin* same 
firm. 






'«I , « it" s 


I !(.« I»|4 


The coupling is usi*(i to allow the centre lod tt) n'inain in the wall and 
the outer rods to be removed. The cone-shajx' spreaders are usiul 
lx‘tw't*en the coupling and form to sjkus* the forms. 

Column GlampvS. When bolts are 



used for holding column forms, several • 
dilferent standard lengths «^f bolt must 
be I allied in stock to fit ditfeieut siz^-s 
of column", or sjm'i ial long bolts with 
long tlueads must lx* made. lnst»*ad, 
plain rfniiid okIs. | in. to | in. diameter. 
01 unthreaded bolts with clamps, are 
commonlv lUsed. h'or light woik, one 
end of the rtnl mav Vm* Ix'iit over onci* at 


(10 degrees and twice at iSo di'gnes to 
form a head, using a clamp on one end only.’ h'oi heavier work clamps 
are u.sed on both ends. To stive timber in yokes, and lalnmr in erection 
and stripping, th(‘re are all metal ('olumn c lamps whnh aie adjustable 
to different sizes of column. 

Universal Column Clamp (Tig. i(i6).- Manufactured by the Universal 
Fom* Clamp Co., Chicago, Illinois. 

This •clamp consists of a casting 
with a flanged bearing surface and an 
oval-^ape hole through the centre, 
with shoulders. The clamp is slipped 
over a plain rod or bolt and a set¬ 
screw depresses the rod ljptween»the 
shoulders, preventing movement of the 
damp on the rod. Tfie clamps are^ 

.made in five sizes to take from J in. 



Tio. 196 
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'tp f in/ hnin£ rodstheir holding power is as great as the ri^iture point 
; of the rod and ,the ^aripg area is proportioned to give a j^e stress on 

the tonber, They can be 
used also in the same 
c manner for tying wall 

;< forms, and with U-shape 

* rods bent over I-beams for 

carrying suspended forms 
* in structural steel fire- 

prooiing. To draw ’the 
form into line a tightenings 
wrench, working on the 
principle of a hollow screw 
jack, is supplied {Fig. 197). 
A rod puller, made by the 
same hrm {Fig. 198)*, is a 
useful device for removing 
the tie rods from a wall. 
It will exert a pull of' 
, io,tx>o to 15,000 lbs., de¬ 

pending on the length of the pipe lever arm used, the pull being in 
a straight line. 

Symon’s Column Clamp {Fig. 199).—Manufactured by the Symons 
Clamp & Manufacturing Co., Chicago, III. 
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, This damp consists of two pairs of pivoted arms of mid sttWl, 
ated with Ij^des for adjusting to different sii» columns. It is h^d hy 
dropping sod. steel «ut nails through the ovciiapping holes and a malleable 
bracket. The form is squared automatically, and* the clahip is lelenied 
quickly by hitting the nails avith a hammer. The\ are piede in $evdikl 
sizes, each with a wide range ot column size. 

M. 6* M. Column Clamp {Ftg. 200).- Manufactured by the M. & M> 
Wire Clamp Co., Minneajxilis, Minn. * . * ' * 



III imi 


This clamp has four slotted arms through wliuh wedges arc driven 
to adjust and hold the anns in jilace. Tin* wedges allow for contin¬ 
uous adjustment and takt*-up in tlie timla-rs. They ^re mad* in two ^ 
sizes* for columns 10 in. to 25 in. and 14 in. to 36 in., using 2-iii. 
^sheatliing. 

Sterling Clamp {Fig. 201).—Manufactured by the Sterling Wheel¬ 
barrow Co., Milwaukee, Wisconsin. 

This IS a band type of clamp consisting of a 14-ft. length of id-gauge 
bandst^l, x| in. wide. To one 
end of the band is attached a 
malleable iron ratchet clang¬ 
ing hegd riveted to and pivot¬ 
ing on a hand lever. The band 
is passed around the iona — 
whkh may he square, round or 
octagonal—and the end is drawn 
throagh the damping bead. ^ ^ aot 

The ratchet is unfil the * « ^ 

band cannot be drawn tighter, when the lever is jiressed back against ^ 
form—putting a crunp in the\and to*;(»event it slipping—and is locked 
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by inserting ths handle in anr opening of the buckle or locking device. 

O.D.G. Clamp {Fig. 202).—Manufactured by the O.D.G. Co., Owens* 
boro, Kentucky. 

There arc two units, each consisting of two steel bars hinged 
♦ together with two case- 

hordent'd steel castings on 
each unit. The castings grip 
the bars at any point and arc 
tightened by a lever ann. 
They are made in four sizes for 
columns 24 in. to 42 in. square, 
varying by 6 in., and each size 
is adjustable down to a 6-in. 
square column. 

Indcy Clamp {Fig. 203).— 
Manufactured by Cowan Hul- 
bert, London. 

Us(‘d for column, beam and 
gilder forms and anywhere 
wh('re a clamp is required, it 
consists of a forged steel shank and dog. Made in three sizes to hold 
forms up to 18 in., 24 in., 
qnd 34 in. wide. 

Universal Hand Clamp 
{Fig. 204) .“Man ufact ured 
liy* the Universtil Form 
Clamp Co. 

These are used for round and octagonal columns, and consist of a steel 
band ij in. wide fastened to the shaft of a 




winch containing a j)rcssed ^tet'l frame. A 
slot in the loose end of th«‘ band slips over 
a pin in the frame and the clamp is tightened 
by a wrench, a ratchet holding the band at 
the required tension. 

IF..'!.A'. Column Clamp {Fig. 205).— 
Manufactured by the W. A. Kuhlman Co., 
Toledo, Ohio.* 

This is a band clamp with the band 
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steel separate from the clamp itsc'lf. Twenty-two-gauge stra|)-iron ij; in. 
wide is recommended. One end Is folded back about 4 in., passed 
through the slot in the clamp and anchored with an oitlinary spike. 
The iron is then drawn around the form and jmssed through the 
opening in the drum ; the tqision is draw-n up with the drum mit, which 
is locked with a dog. . 

Adjustable Shores. —Shoring of forms is quite a large item of the 
total form cost. For each shore, including the 
wedges, there are at least seven indi\idual pieces 
of timber required. These have to be cut and 
fitted, and before the shoa* is finally adjusted 
many labour opt'rations are necessary. Wlien 
they are finished with, either they have to 
be knocked apart and the fiosts used for 
another purpose or they are stored intact for 
the next job, which, howe\’er, may require 
shores of different height so th.it they have to 
be cut down or spliced 01 new shores made. 

To save material and to reduce the labour 
involved m making and setting shores, adjust¬ 
able shores an' now largely usi'd and carried 
as jx'rmanent plant. 

Rooshors (F»g. 2o(>). -Manufartun*d by the 
H. W. Koos Co., Cincinnati, Ohio. 

This shore consists of two vertical timbeis 
with headpiece, which slides on a concrete- 
filled pipe between them. A lock at the 
bottom of the timbers automatic,illv closc;s as 
the load is .ipplied, gnjiping the jiipe with 
heavy iron jaws. There is also an emergency 
lock for locking the^shore either Indore or after 
erection. One man can handle a <hor('. It is 
set upright, the timbi'r portion is raised to 
approximate height, and a jacking devir<' is 
slipped on the pipe and final .adjustment made, 
the shore locking, automatically. A blow of a 
hammer releases the shore. They are adjustable from 8 ft. to 14 ft., 
and weigh 65 lbs. The safe working load is 3,000 lbs. 

Synjpns Shore {Fig. 207).—Manufactured by the Symons Clamp & 
Manufacturing Co., Chicago, Ill. 

This shore has an adjustment of 5 ft. with a final screw ^justment of 
2| in. It consists of a steel T-shape post fa.stened to a square steel base 
and having a collar at the top through which the timber post passes, 
and is carried on a casting which slides up and 4 own the post. One leg 
of the post is notched and* one side of the casting engages these notches 
and is held by a steel wedge. The other side of the casting has a screuit 
adjustment for final adjusting, whiclf can be done under full load. 
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t Universal Adjustable Shore {F^. 208).—Manufoctured by the Univopsa^ 
Form Clamp Co. 

Four steel angles, strapped and riveted, form a metal cage whidtl 
receives the 4 in. by 4 in. timber post. The angles are notched to 
* receive a standard steel T which carries 



the post. At the bottom of the an^es 
is a in. jackscrew having 3 in. of 
travel, which sets in a round revolving 
base. The T is inserted in the slots 
giving the nearest required height, and 
hnal adjustment is made with the jack 
by applying a wrench to the lower part 
of the screw, which is hexagonal. The 
total adju.stmcnt is 4 ft., and it is 
guaranteed to carr>' a safe load of 12,000 
lbs. To use with these shores the same 
firm manufactures a steel Tee head 



which slip'i over the timber post for 
carrying beam and girder bottoms 
{Ftg. 209). 



Tiu 307. 


Fig, ao8. 


Fig 109 


AUas Adjustable Shore {Fig. 210).—Manufactured by the Roos-Meyer- 
Hecht Co., Cincinnati, Ohio. 

This shore consists of two side members of 2 in. by 4 in. timbers yrith 
a timber head fastened to them by galvanised steel straps, slidjpg over 
a pipe post. At the bottom of the timbers is a locking plate or dog of 
harden^ st^ which engages in a canting position on the pipe, being 
thrown into this position by a coiled spring. The shore can be adjusted 
up or down by a jack slipped over the pipe. 

O.D.G, Adjustable Shores {Fig. 211).—Manu^tured by the O.D.G. 
Co., Owensboro, Keqjtucky. * * 

The steel shore consists of two steel channels 5 ft. long, with steel 
foot-plate, ties and head-plates,^which receive the timber post. The 
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post is held in |dace by two steel curved giipiping dogs With^teeth that bitf 
into the timber. A simple locking device and release key enable the 
post to be lowered f in., relieving the shore of the load when stripping. 
The post is raised and adjusted by a raising lever which slips around the 
post, the fulcrum resting on^a ledge of the shore head. Thc^range of 
adjustment is 4 ft. . 



The same firm also manufactures all-metal adjustable shores consisting 
of two telescoping pipes in. and 2 in. diameter. The gripim^ device 
consists of a malleable casting fitted with two hinged locking-dogs, 
fastened to the top of the larger pipe and* gripping the smaller one. A 
raising lever raises the inner pipt to the desired height^ where it is auto¬ 
matically held {Fig. Various types of head^e made depending on 
the purpose for which the idiore is^o be used. • 
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^ Dayton Shor^ {Fig. 213). Manufactured by the Dayton Sure Grip and 
Shore Co., Dayton, Ohio. 

Two timber .side-pieces with a'timber head-piece, all strapped together, 
slide over a pipt', which passes through a casting on the bottom of the 
timbers. ^ The pipe has holes in it through which a pin passes to hold 
the timlx-r j)ortion of the shore. The bottoyi of the pipe is fitted with a 
screw-jack for making final adjustment up to 6 in. The range of adjust¬ 
ment is 6 ft. # 



Timber Clamps. —It is often necessary to increase the height of 
shores when the story height increases. This is commonly done by splic¬ 
ing the shore with cleats, and unless done carefully the method will give 
weak shores. In order to make the splice, timber has to be cut up into 
sliort lengths, <with consequent waste. To eliminate this waste and the 
labour of splicing timber, clamps are often used. As the spliced posts 
overlap, any lengths on hand can be used without waste, as they are not 
cut. They can be used 'successfully uk-o for erecting scaffolds. 

Rogers Timber Clanfp {Fig, 214).—Agents, Richmond Screw Anchor 
Co., Brooklyn, N.Y. ^ 
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This is a U*shapi' steel clamp with a. kx'kplate'tha^ bites into the 
timber. Two clamps per shore arc list'd, one being removed after the 
concrete has begun to set. They are niadi' in thn'e size.s, for 4 in. by 4 in., 
3 in. by 4 in., and 2 in. by 4 in. timbers. 

AT. & M, Splicing Clambs {Fig, 215),- Manufactlin'd liy tlu‘ M. & M. 
Wire Clamp Co., Mmiieapijis. Minn. 

This clam[) consists of a steel frame which slips over the shorts, with a 
.steel wedge attached. Driving the wedge ^n with a hand a.\e Itx'ks the 
timbers. The standard size is for rough 4 in bv 4 in.’s, tht‘ wedge 
driving down to y\ in. sjH'cial clamp made with .> tiller hinged fo 
the frame so that rough and diessed shoies can be sj)liced togtther. 



CHAPTER XXL 

< 

PLANNING THE WORK. 

The cQHimoil procedure of sending some timbt'r and nails to the job and 
telling the foreman to get it built as quickly and as cheaply as possible is 
ncithbr fair to the foreman nor conducive to efficiency and economy. 
If he happtms to be a particularly good form builder and organiser the 
results may <3e satisfactory, but he will be an exception. More often 
than not there will be trouble somewhere, the forms will be too weak, cost 
too much, waste too much material, hold up other parts of the work, 
result in expensive finishing, etc., all of which could be avoided by a 
little careful planning ahead of the work and co-operation between the 
office and foreman in charge. The foreman’s duty is primarily to 
organise labour and to get the work done. He should not in addition 

* be expected to make form designs, draw sketches for tht‘ carpenters, 
and attend to details that could be done more efficiently in the 
office. 

The busy contractor can only make periodic visits to his various jobs, 
so that while he is away he mu.st be assured that the/orms are being built 
sufficiently strong, economically, and with proper attention to details and 
planning of the work for maximum speed. The only way he can be sure 
of this is to have standard methods of building forms for different types 
of construction and to lay-out the work, design the forms, and 'm^e 

* sketches of the several units in the office. The forepian then builds his 
forms according to blue prints as he would any other part of the structure, 
and he can devote most of his time to supervision of labour, in which 
capacity he can make the most money for his employer. 

It is not meant that the foreman should have no say in the planning 
of the work, in the methods used, or in the details of construction. These 
matters shoul4 be decided upon in consultation with him in the office 
before the work starts; afterwards his main duty is to carry out the 
work according to pre-arranged plans and schedules. A few hours sj^nt 
in the office will often save many lost days in the field. 

The foreman is, in most cases, a better mechanic than the contractor 
or his engineer, and he can often suggest improvements in methods and 
details of ccmstruction which s^ter trial can be incorporated in the standard 
plans. On the other hand, the foreman must be willing to co-operate 
with the office when he Is asked to uslh\!iffemiit details than he has been 
accustomed to use. Continuous use of a certain.method is apt to make a 
man think there is none other as good or better. Modem construction 
^ 282 
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demands speed. Speed can only be attained by planning every step ^ 
advance and working to definite schedules. 

The cost of formwork in a reinforced concrete building is approximately 
20 per cent, of the total cost of labour and material. The whole progress 
of the work, and to some extent the cost of other items, will dep^d on the 
efficient handling of the forms. It should therefore be given the attention 
it deser\'es. 

There are three distinct field operation* to plan : (i) assembly; (2) 
erection; and (3) stripping. Each is dependent on the other, on the 
design of the forms, and the speed schdfiule "for the job. On a small jdb 
the general foreman can look after all operations, but on a job of any size 
he should have a sub-foreman attending to each operatron.^* 

Speed Schedule.—After fixing the time allowable for the completion 
of the concrete frame, the number of days per floor or ).x)rtion of a floor 
are determined To maintain this rate of progress sufficientftimber must 
be provided, depending upon the length of time the forms must be left 
in before stripping. Footing and foundation wall forms can always be 
used at least twice. One complete floor of column forms will be sufficient, 
as they can be stripped in two to three days. One complete fldor of slab 
panels and beam sides is generally sufficient, though a floor-and-a-half 
may be necessary if the area is small. . ^ 

Two floors of beam and girder bottoms should be provided, a.s the 
shores should be undisturbed for eight to ten days. As the .second floor 
will probably be completely formed bt‘fore the first floor shores can be 
removed, two-and-a-half floors of shores are generally n^ssary ; this 
will allow work to go ahead on the third floor without waiting for slfOres 
from the first floor. 

If the building covers a large area but is not very high, each floor can 
be diyided into two parts and each treated in the same way a.s a separate 
story. 

In order that th^ erection of the forms can start at the earliest po.ssiblc 
moment, the timber must be assembled into panels in advana* of the 
time they will be required. For maximum speed of erection and 
stripping as much as possible of the carpenter work should be done when 
making up the panels. 

Office Detailing of Forme.—After deciding on the speed schedule 
required and the method of building the forms, ail parts or " panels 
th|t C£m be assembled in advance, and timbers that have to be cut to 
length, should be sketched out on paper, showing all the details necessary 
and the number of pieces required of each kind. This may seem like a 
lot of work, but if the designs and details are standardised and the detail¬ 
ing dor^ according to a system it can be done very quicldy.. 

After a method of construction has been found to be satisfactory and 
to give low costs there is no reason why it cannot be made a standard 
for ail similar weak. Sthndardf^timi imprgve the efficim<^ of the 
workmen, as they wiH soon learn how to go ahead without waiting to be 
told what to do. It will enaUe doser costs to be kept and better com- 
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Fig. sx6.— key PLAN TO P.XNELS FOR 5-STORY BUILDING. 
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parisons to be made of the output of the workmen and 4he efficiency af 
the foremen. It will reduce the waste in material to a minimum. sinc« 
timber ordered in sizes and lengths economical for one method of construc¬ 
tion may be quite uneconomical if another method is used. Detailing 
the panels in the office will eyminate mistakes in the field and much waste 
time of expensive workmen,•sinct* the assembly car|)enters will have their 
work laid out for them on paper and they will not be w'aiting for instruc¬ 
tions on the -sizes required, the method of*building, and the number of 
paiu'ls to make. The fon*man's time will be conserved for organising. 
The detail .sheets will show the stock lengths ordered for Jhe difterem 
panels, so wa.ste of timber will bt' prevented. ^ • 

The detail sketches and number of pieces required will alsg W neces¬ 
sary for the intelligent ordering of the timb<*r. 

The detail sheets should Ix' made in the order in which they an; 
required on the job, unless there is lime to make up the wh 5 le .set before 
they aie needed. Rough sketches are first made of the typical jianels and 
timbers and the mimb»T of each calculated so that the bill of material can 
be got out as soon as jxissible. Some allowance must lx* added for wasl<*, 
breakage, and rejiairs. 

The sketches are then drawn out in more detail on sjH cial detail sheets, 
showing.dll the information necessary for .the building of the panels, the 
number required, the stock lengths ordered, the changes necessjiry on other 
floors and any noti;s that will aid the erecting foreman. , 

Many of the panels necessary can be tabulated on one sheet, as they 
will 1 m* built similarly, only varying in dimensions. For instance, all 
beam sides will be similar; their length and depth may vary, but'one 
sketch will do for all. Of coursi*, here and there s|M’Cial panels will b<* 
ri‘quired. for which individual she<‘ts must be made out. 

It is jxissible to standardise these detail sheets so that from the tracings 
white prints can be made on which the details are filled in. Sketches nei*d ^ 
not be made to scale, as all necessary' dimensions are shown. Slu'cts 
.should be a convenient size, not larger than H in. by lo in., and preferably 
smaller. Only* one kind of panel should Appear on each sheet. 

A standard .*»y.stem of symbol«» is nece.s.s;iry in order t^) idt*ntify the 
panels. The symbol of each panel is marked on the .sheet and also on the 
finished panel Ibese symlxils are tied in to a key plan, which is used 
for erection purposes. One key plan is sufficient if all floors are alike, 
.since any necessary changes in the forms can be shown on the detail 
sheets* If the floors are different a key plan will be necessary for each 
different floor. 

This plan is drawn, taking a section lietween floors loo|ping up at the 
floor above, and shows the outlines of the concrete member!} only. All 
panels required are indicated on this plan by symbol. Although originally 
drawn to a large scale it should b^r^duced to a copvenient size for handling 
on the job. • 

A simple system df -symbols easy to remember is S for slab pane|, 
BB for beam bottom, BS for beam dde, CS for column side, FS and FE 
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for footing side and end, etc. A number added to the symbol indicates 
the location on the key plan, and if it is necessary to show the flom: on 
which a panel is to be used the number of the floor precedes the s3nnbol; 
for instance, 38812 indicates the beam bottom for beam I2 on the third 
floor. Penels that are similar are given the same s3nnbol. 

The method of jnakingthe detail sheets can best be ^own by taking 
an actual example, say, of a reinforced concrete factory. It is assumed 
that the reader has followed the previous chapters, showing how to 
obtain the sizes and spacing of timl^rs, the provkions.to make for easy 
Stripping, clearances and other details. Fig. 216 shows a key {flan for a 
typical floor of a 5-story factory, 50 ft. by 100 ft. in size. The lay-out 
and beaih„siz^s on all floors and roof are kept the same—^which is good 
practice—so that one key plan does for all floors. The column sizes 
change from floor to floor, and the changes required to the panels are 
shown on the detail sheets. Following the key plan are shown typical 
detail sheets, covering most of the panels required for the building. 
Twenty sheets would cover all the panels necessary. More notes are 
given than would be required if the carpenters and foreman were familiar 
with the” system. Tl»e stock lengths for |-in. boards are not given, 
because this size is generally ordered in random lengths varying from 
10 ft. to 16 ft. Since much of this has to be cut up in short lengths there 
is little waste. 

^ The system of construction ust;d is {see Chapter IX) slab panels 
resting on loose joists carried on continuous ledgers; team bottoms 
carried on girder or column sheathing ; team sides and girder sides built 
with about in. clearance at each end for bevelled keys. Additional 
sheets can indicate the size and number of braces, ribbons, etc. 

Assembly.—-The timber pile, saw table, and assembly tench should 
be placed together in a location where there is plenty of storage space 
and where a minimum amount of handling of the panels will be required. 
The relation of each to the other should be such thatrthe timber will pass 
in one direction through the sawmill and assembly tench to the stock-pile, 
which should be nearest the structure. 

If the job is large enough a sub-foreman should be in charge of all 
assembly, from delivery of the timber to the sawmill to delivery of the 
linished panels to the erecting carpenters. " 

Copies of the detail sheets go to the saw operator and to the assembly 
carpenters. The foreman picks out the timber required, which is carried 
to the saw table, where it is sawn to the required lengths, and psufsed on 
to the a^mbly tench where it is made up into paneb. 

Battens, cleats, etc., should be sawn first, so that they are ready at 
the bench when the boards are received. 

The foreman must study the order in Mriiidi the paneb wiU be required 
so that there will always be a sufficient number of each kind required 
ready for the erector^ ** 

As the paneb are completed they should be marked with tteir symbob, 
oiled, stacked, and moved to their^location in the buflding as required. 
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290 DE^GN OF FORMWORK. 

When they wiU not interfere ivith other work they can be carried direct 
from the bench to the building, piling in small stacks conveniently located 
for the erectors. Braces, wedges, ribbons, mudsills, etc., which may have 
to be cut but not made up are also jiandled by this foreman, , 

Erection.—All panels, timbers, etc., lycessary should be delivered 
to the erecting carpenters as required, so that they will not have to leave 
their work to fetch material or wait for it. 

The key plan is the foren.an’s guide to erection, but at the same time 
he must be familiar with the building plans. He shoqld also have a set 
of detail sheets to show aAy changes necessary to the forms on upper 
floors. 

Methods and order of erection have been mentioned in Chapter IX. 
The work must be planned so that each operation is kept in advance of the 
succeeding one. The placing of slab panels should closely follow the 
setting of beam sides, so that the steel workers can follow onr close behind 
the forms. 

A bench should be st*t uj) on each floor where necessary changes to the 
forms can be made. It is seldom economi< al to send panels back to the 
sawmill to make these changes. 

The erecting foreman must look after the supply of nails, wire, bolts, 
clamps^ etc. 

Stripping.—The order of stripping the panels, as mentioned pre¬ 
viously, d(‘ptmds on the system used. Cleats and keys that have to be 
removed InTore stripping should be nailed on the panels again to prevent 
loss. 

As panels are stripped they should be cleaned and carried to a con¬ 
venient place for hoisting, and distributed to their right location on the 
floor above or to the liench if they have to be changed or repaired. 

This foreman will have charge ot re-shoring, the method of .which 
should be indicated on the key plans. On his ability to strip carefully, 
without damage to the forms, will de|X‘nd the cost of repairing before they 
can be used again. Panels that are not to be used again should be cleaned, 
taken apart, nails removed, and the timber carried to stockpiles. Care¬ 
ful stripping and final dismantling of the panels can save the contractor 
much valuable timber. 
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‘Accuracy, li 
Adjustable »hurcb. -// 

AUguinent and bracing. 71 
Ar^ biick foniis, J53 
,, bulkheads, 

,, falsework, .244 
skI^ forms, 454 
Arrhcs. nmltiple, 441 
Assembly, 487 

Uarkfornis, ijH 

Arch.'4St 

Ddsement and {).irtitinn ualN, S3 
Haiti r cun I'll walls, yo 
lleain aiui girder iKittoms 30, 104 
,. and girder floor fonnn, l>et.iil con¬ 
struction of, 100 
.. ledgers, 104 
„ sides, 104 
lieains, ICxterior, 107 
.. •( plumed, i3f> 

,, Verv high. 114 

Hearing, id 
J3ending, 14 

„ moment, 1 ( 

Hent centering, 447 
Hins, Silos and gram. 410 
,, Standpipes, tanks, siJos, b'orms for, 

‘ 173 

liuItS, 41 

Wire and, H . 

13uwstnng girders, 443 
Braces, 25 

Bracing, Alignment and, 71 

„ Cajrner, Sij , 

„ for walls. Exterior, 25 
Brackets, 80, 112 

„ Wall column, 152 

Bridge forms. Girder and trestle, 468 
Bulkheads, Arch. 253 
, and keys. 88 

Caps,*Column, 1.50 
Centering, Bent, 247 

„ Method of loading, 446 

„ Types of, 245 

Centres. Steel, 243 
Changing height of forms, 71 
Clamps, Column. 273 

„ Timber, 280 • • • 

„ Wall ties and, 270 
Column brackets, WiUl,*i32 
.. caps, 150 




Column clamps, 273 • 

’ f(x>ting forms, U} 

forms. Cost of, ty ^ 

,, iorins, Dcdail c^uistT^ction of, 67 

., lorms, I.argf. 48 , 

,, lonnx, Rectangular, 74 

,, forms, Round steel, 1 34 

„ form-sheathuig, 18 
,, form. Small. 47 

,, heads, do 

,, inoiiKliiigs and ornaments, 138 
,, oflhets, 87 
,, shiMthing, 47 
,, Si|u.ire, 07 
,, yokes. 34 
Columns, L-slinpe, 77 
„ (Vtagonal, 78 

*,. Round, 78 

„ Very high. 80 

,, Very large, 40 

( oiu entrated loads, lO 
Coiidiiils and sewers, i^do 
('outinuou<\ sliding forms, 1713 
( ornir brnring, 8«j 
., moulds, 72 
t ornice forms, 133 

Cost, Kstiinalmg, 4, 03, 81, 07, 114, 
144. 148, 1.34, 13d. 138, 140, 138; 
171, i8y, 443, 4d8 

,„ of centering, Kstiinating, 449 ^ 

,, of light wail forms. Estimating, 41* 
C.ulverls, id^ 

Curved slab-forms, 139 

, surfaces, Steel fnrnis fpr, 2x3 
„ walls, 94 


Hams, Low gravity, 194 " 

„ piers and heavy walls. High 
gravity, 194 . 

,. Reinforced concrete, 198 
Deck forms, t3pen spandrel, 43O 
Deflection, 12, 15 

Depressed panel or drop-head form, 149 
Design, Engineer's, 5 • 

Designs, Typical, 231 
Detailing of forms, OuKe. 283 
Details, Practical arch, 2)9 
Drop-head form, Deprei»ed panel or. 

Economy, f 

Elasticity, Moduliui of, 11 
# Erection, 70. ago 


291 





INDEX, 


292 


Fijien, Wood,’ 119 
Fireproofing, Structural steel, 124 ■ 

Flat slab construction, 141 
Floor slabs vrith deep haunches at the 
beams, 46 

, „ slabs with small haunches at the 
beanis, 45 

Floors, Light-weight rib, 44 
„ Rib, 116 

Footing forms. Alignment of, 65 
„ forms. Column, 60 o 
„ forms, .Detail construction of, 59 

f „ forms. Wall, 60 

Footings, Cost of, 65 
„ • Sloping side, 65 
„ Squart or Rectangular, 61 

„ Stepped, 63 

Foundations, 227 
Framing details, 4 

r 

Girder and trestle bridge forms, 2O8 
„ sides, 103 
Girders, Bowstring, 243 
Gram bins, Silos, and, 219 
Grease, Oil .or, 8 

Heads, Column, bg 
Height of forms. Changing, 71 
Holes, Clean-out, 72 

^ Horizontal pressures. Designing for, 18 
„ shear, 15 

,, sheathing, 25 

Inspection, 2 

i 

Joist construction. Two-way, 120 
Joists, JI 

„ Longitudinal, 37 
„ or spreaders, 102 
„ spanning across slab, 37 

'^Keys, Bulkheads and, 88 

L-shape columns, 77 
Labour, 2 

Ledgers, Beam, 104 
„ and wales, 32 
Loading centering. Method of, 246 
I^ads, 9 

„ Concentrated, 16 
„ Designing for vertical, 13 

Material. Ordering, a 
Metal tiles, Removable, 120 
Modulus of elasticity, 11 
Moulding and ornaments. Column* 138 
Moving forms, 174 
Multiple arches, 241 , 

Mush^m slab one-way design, 42 
„ slab two-way design, 43 

r' 

. Kkils. 8 
Nosings, Pier, 231 


Octagonal columns, 78 , 

Office detailing of forms, 283 
Offsets, Column, 87 
Oil or grease, 8 

Open spandrel deck forms, 256 
Ornaments, 268 

„ Column mouldings and, 138 

Panel construction, 87 
„ construction without depressions, 
*53 

„ or drop-head form. Depressed, 149 
Panels. Slab, 101 e 
Partition walls. Basement and, 83 
Patent devices, 9, 270 
Penstocks, 218 
Pier nosings, 231 

Piers and heavy walls. High gravity 
dams, 194 

„ poured m two operations. Very 
high walls, or, 54 

„ poured monolithic, Very high walls 
and, 52 

„ ViTV high walls and, 91 
Planning the work, 282 
Posts, 18, 35 

l^c-cast units. Forms for, 267 
I^essures, 9 

„ Designing for HorizQntal, 18 

Railing forms, 2(x> 

Rectangular column forms, 72 
Re-ercction and reducing forms, 71 
Re-erection, 109 
Re-shoring, 110 

„ Stripping and, 148 
RetaiAing walls, 92 
Kib floors, 116 
,, floors. Light-weight, 44 
Roofs, 186 
Round columns, 78 

„ steel column forms, 152 

Scaffolding, 185 
Schedule, Speed, 283 
Sewers, 216 

< „ Conduits and, 160 
Shear. Horizontal, 15 
Sheathing. 22 

Column, 47 
„ Horizontal, 25 

„ Slab, 27 

.. WaU, 27 

Shores, 104 

„ Adjustable. 277 
Side forms. Arch, 253 
SiU forms, X36 
Silos and grain bins, 2x9 
„ bins, standpipes. Forms for tanks, 
*73 

Slfb forms, Curved, 139 
„ Simplh, long span, 38 

one-way 4 c*> 8 **r Mudizoom, 42 
pandS, xoi 
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Slab vheathing, 37 
„ Simple. 37 

„ two-way design, Mushroom. 43 
Slabs with de^ haunches at the beams, 
Floor, 46 

„ with small haunches at the beams. 
Floor, 45 • 

Sliding forms, ^ntinoons, 179 
Spandrel deck forms. Open, 356 
„ wall forms, 353 

,. waUs, Low, 8 q 

. Spe^ schedule, 283 • 

Spreaders, Joists Ar, 102 
Stair forms. 57, 130 

Standpipes, Forms for tanks, silos, bins, 
»73 

Steel centres, 243 

column forms, Round. 152 
fireproofing. Structural, 124 
forms. 153 

forms for curved surfaces, 213 
forms m building and wall con- 
.struction, 200 
Stepped footings, 63 
Stresses, it 

,, and timbers, 231 
Stripping, 3, 80. 108, 341, 290 
,, and rc-shoring, 148 
Structural steel fireproofing, 124 
Studs, 22 

„ and wales. Double, 87 

„ Wall forms with horizontal, 56 

Subways, Tunnels and, 218 
Symbols, 13 
Systematisation, 4 

Tables, ,\ppltcation of. 36 

Tanks, silos, bins, standpipes. Forms for, 

173 

Ties,. 84 

„ and clamps. Wall, 270 
„ and wales. Wall, 34 
Tiles, Removable m^tal, 120 
Timber, 7 


Timber damps. aSoa • 

,*, sixes, Actual and nominal, la 
'Timbers, Stresses and. 231 
Trestle bridge forms. Girder and, 
268 , 

Tunnels and subwa^. 218^ 

Vertical loads. Designing for, 13 

Wale bolts, 25 
Walas, 23 

„ more exact method. Calcula* 
• tion of loads on. 24 ^ 

,, Double studs and, 87 

„ Ledgers and, 3* * * 

Wall column bracketsf 15/ * 

,, construction, Light, 202 
footing forms, 60 
,, forms, 22 
.. forms, High, 51 • 
forms, Low. 50 
„ forms. Single, 89 
„ forms, Spandrel, 253 
„ forms with horixontal studs, 56 
„ forms without internal tics, 55 
sheathing, 27 
., ties and clamps, 270 
Walls and pteni poured monolithic. Very 
• high, 52 

and piers. Very high, 91 
„ I 3 asement and partition. 83 

„ Batter-curved, 9O 

,. Curved, 94 

„ High gravity 'dams, piers, ana 
heavy, 194 • 

,. Low spandrel, 89 

,, or piers poured in two operations. 

Very high, 54 
„ Retaining. 92 
Window openings, 89 
Wire and oolts, 8 

Yokes, 19 

Column, 32 


(Index to lllustratlona on next pnfte.) 
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AVcJ» brulgf, I'oniTj for i^o-ft span bow- 
bfring, /44 

„ Conlcfing Sor 70-ft, span solid- 
barrel ,*2 38 

,, Design for solul-liarrcl, ^37 
,, Design for 05-ft span skew,/rniwg 

iiH • 

„ Design for Wi-d span, six-rib. 

closetl spandrel, Jaung jijo 
„ Dt'sign for span, two-rib, 

open spandrel, iji 

,, Design for aoo-ft span, two-rib, 
open .spandrel, ,134 

,, Alternative design tor, fat tag J30 
,, falsework. Handling steel truss 
centres, Ji4(i, 247 

,, falsework . btandard steel trusses 
adapted for diffiTcnt arches, J48 
r falsework" Steel centres, J45 
,, Method of stripping. ^4.5 
„ of 03-ft span. Centering for a skew- 
, barrel, 230 

,, of aoo-ft .span and 40-ft rise, 
Thrcc-ticr vertical jxist bent type 
of centering for, 234 
,, skcwback forms for top of puT. ^52 
Arche.s, Pile lient centering for, 233 
,, Method of finding load on cen¬ 
tering for, 

,, Types of centering for. au 
,, Type.s of post foundations for, 
22 ti 

Beam and girder floors, 104 
„ and glider panel forms (long span), 
4 » 

„ and girder panel forms (short 
span), 40 
„ bracket, 105 
Upturned, 137 

Beams diagonally from shores. Support¬ 
ing extehor, 113 
„ Exterior, 105 

,, Restoring long-span, 111 

,, Two-post bent for high, 105 

Bracing at top of unsupported patifl and 
diagonal bracing to blocks bolted to 
floor. 75 

Bracket. Beam, 105 , 

„ Column, 79 

Blridges : Base forms, J63 

„ Cantilever sidewalk form, 261 


Bridges Coping and jiost form, 265 
„ Plain post form, 263 

,. Post and coping forms with 

pre-cast balusters, 267 
., Pre-cast solid panels—post and 

coping formed together, 2fi6 

,, Kail forms, 203 

,. Spandrel wall forms, 254, 255 

,, Supporting deck fonns by 

" A ” frames and yokes 
around ribs, 258 

,, Supporting cantilever side¬ 

walk forms near the abut¬ 
ment, 239 

,. Supixirting cantilever side¬ 

walk tonns near the crown, 

230 

,, Supporting deck forms from 

arch ribs. 237 
Bulkhead and key, 8.S 

Circular forms for silos and grain bins, 
221 

,, steel forms, I'hree-coursc out¬ 
fits, 222 

,, structures. Metal fonns for, 221 

Clami»s. Column, 273-0 
,, Form, 272 

Column and cap form. Steel, 154, 155 

,, brackets, 79 

cap forms. Square, 133 
., cap forms. Supporting, 152 

„ clamps, 273-0 

,. forms, I.arge, 48 

„ forms, Small, 47 

,, forms. Square, 68 

„ forms. Very large, 49 

,, Framing wall into, 88 

.. marking, 137 

,, Octagonal, 76 ' 

,, Octagonal with square Iv^ad, 76 

„ Projection, 88 

., Round, 76 

Columns, L-shape, 73 

,, Rectangular wall, 73 

30 ft. high : vertical outside 
braces, 74 

Concentrated loads. Diagrams showing 
calculation of. 16, 17 
Cornice forms,, 134 

Cornices, Types of outrigger diores for, 
*34 
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Counterfort, retaining «all, 03 
Culverts, Small arch, 107 
,, Small In>v. iiX) 

„ l^rgearch, lOS, iiitj 170 

Dado forms. Pierced, ^<>3 
,, forms. Solid, • 

Dam, Duttress and bracket fbrms for, 
lyM 

,, Foundation fur section of, 107 
,, nearing completion nio 
'Dams, Forms for i^nall, a*13 * 

,, Slab forms (or, 100 

I ypical form p.inels for nt') 

Dock w.dl. 1-orms lor, joo 
D ome forms, iSo 

I ireprootmg. I'tirms fi>r strut liiral steel, 
».’s 

,, Siispeiulid fitiiiis of strut 

tuial steel, 1^7 

I'Mat slab fotiiis m toiiise of t oiislrix tioii, 

i,j(i 

,, lorins, <)nt way «lisij;u 
, forms Vjii.iie b.ivs willi all 
panels sMuil.ir, 147 
, foiiiis, 1 wn-\\.i\ tlesign 1 
J'loor forms, I iglit-ueiglit rib, 44 
1 loor slab forms with deep h.oim hts ,it 
beams 4* 

,, slab forms with small liaiiiulies at 
beams pi 

1 lotirs. Closed detk foi t l.iv tile filli 1. 1 |.S 
,, I orms for beam and giid<'r, 101 
• , J onus for remwcable metal lilts 

, I'tirms for with-span iiiu<j\,d)h 

met,il tilts 

Opin dttk ftir rnet,d tih filltt, 
' ii« 

Optn-ditk lornis, i.-j 
Keiutivable tiUir, JiiS 
Hemov.able iiietal tills, lii 
, Stet I dt i k foinis, i^;, i^s 
,, Tw’ti-wavjoisls with iiiet.il ilouies, 

I’tititiiig, Sloping side, 

• Scjiiare, hi 
,, Mepptsl, hi 

,, Wall, hi 

(.„der iorms, 105 

,, _ sides built to underside ln'iim bol- 
tunui and completed w it b pain Is 
from beam to bcairt, 113 

Invert form, Supporting, 165 

Moving forms, 184, lyo 

„ forms for large diameters, 180 
„ forms for sra^l silo,#t 76 •• 

„ wall forms, 174 

Mushroom slab forms (dhe>-way design), 
4^ 


Mus^rcHim slab fonm (two way design), 


Panel ft»nn. Depresstal. iispig main floor 

joists. 151 

.. wall forms with wales. 83 
Panels for 3 story building.,Kt*y plan to, 


■J84, ^85 

,, pIiimlxHl and hiared. 74 
Penstock ftinii, no 
Pier nosing form, ('iirveil, 25^ 
Post^oriiis, jot, JO4 


Kail ftirms. .*03 ^ 

Keslioiiiig long span beaflis, iis 
siv-storv biilldiiigs 111 
Ketaimng wall. Cantili vilT 'M 
.. wall, (.tiunlerltirl, *13 

w.tll designed to be lifted as 
one unit, Sleel forms4or. J03 
Kisirs, Ivju'sof. 131 
Kotl loupliiigs, J71 

Uoof lor siltis, Su)>portiiig ctmiial, 187 
forms foi silfis, (tinital, 188 
., Su])portmg fiiruis for flat. 18O 

Staffoltl, llaugiug, 1S3 

Stw.ige treatment works, horms for. J07 

Sevfti, Uo\, 

(irtular, jot 

ftiriii, Cueiilar, with traveller on 
traiks, J14 • 

foim t ollapsetl anti pullet] thrtmgli 
I’ritfitJ ftinii, tiorseshoe, J13 
1 gg shai>e. 105 • 

., torrii willi travelhr atlaihetJ, 
i l.ilf round, j I I 

foiiii with Ir.iveller, Segmental, 

,, foiiiis. ll.df rtiiinti with tnulHT 
lies anti si rt w j.u k-> loi t oll.ijw- 
mg. Jit • 

Horseshoe, set 11011, Wit 
Sr mil III ulur, 10) 

Slmre^, \tijtist.iblf. J77 f'O 

,, .ititl re slion s, perm.uitnt, 148 

,, Ptimaiieiit, 1411 

,. with sti el dei k p.inels, Pirmaii* 
tilt, 150 

Sills, 117 

Silo hiriu, Wist r»nsin,’178 
Silos ami grain bins. Assembling i in ular 
forms for, jji 
S lab forms, 17 
,. forms, ( iirved, 137 • 

,, forms in iH’am and ginler conatruc- 
tion, Steel, joi * 
forms flong span), 

Slalis, Pack forms for sloping, 137 
Sliding forms, Continuously, 183 
,, forViiM for water tanks, 181 
S}>andrel w 4 l form, Inside. 235 

„ wall form. Outside, 255 , 

., wall forms, 254 
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Stah' forms, 57 * 

Stairs between landings, 131 
„ between .walls, 131 

St^ forms for retaiping wall designed to 
be lifted in one unit, 205 
„ forms. Interlocking, 222 
„ forms with wood wales, 202 
„ forms without wales, 203 
,. slab forms in beam and girder con¬ 
struction, 201 

„ wall forms, 204 ** 

Stringers, 131 
Stri^iping sling, 105 
Stud, Double, 88. 

Supporting furms raised vertically, 03 

4 

Tie bolts, 271 
„ Wire, 88 

Traveller and fopns forming a single 
unit, 209 

„ tunnel form, 216 

„ handling 150 ft. of forms, 209 

„ handling independent panel 

forms, 208 

r Travelling form. Double, 211 

„ wall forms in fcanal construc¬ 
tion, 210 

Tunnel form. Arch rib, 218 
I „ form. Travelling, 216 
„ form. Trussed, 217 
forms. Twin, 219 

Wale, Double, 88 , 

Wall, Cantilever retaining, 93 


Wall Counterfort retaining, 93 * 

., footings, 61 

„ form. Circular, showing method of 
bracing, 96 

„ form. Inside spandrel. 255 
„ form. Outside spandrd, 255 
„ fom^, 23, 24 

,, form's and piers poured monolitbic. 
Forms for very high, 53 
„ forms for ornament exposed con¬ 
crete extenor, 90, 91 
.. form's. High, 51 • 

., forms. Low, 50 

forms. Spandrel, 254 
„ forms, Steel, 204 
„ forms using intermediate battens 
and patent wire ties, Panel, 90 
„ forms with horizontal studs, 56 
„ forms with wales. Panel, 85 
„ forms without w^es, 83 
,. forms without internal ties, 55 
,, with column. Framing, 88 
„ I-ow spandrel, 93 
„ panels 18 ft. high. three panels 
vertically, 90 
„ tie, 273 

Walls and piers poured in two operations. 
Forms for very high, 54 
„ Battered curved, 97 
Curved, 95 
Window opening, 88 
Wire clamps, 272 

Yokes, 19 


Prin Wd in OsMtUliriB hr Butler ft* raimer Ltd., Frame and Loadon 



METAFORMS fflmnzits 


iiinin - mat 




The above’photognph demonattalea clearly that METAPORMS * 
give a true ^umb Job witbout aiignera or atruta of any kind. Ttala 
worli la part of the baaement walla of London’a latent automatic 
'Pbone Exchange, wbyre ail the concrete floore were alao moulded 
with the atandard S-TRAIGHT WAbL MBTAPORMS. 

THIS SYSTEM IS COMPOSED OF SELF-CONTAINED 
INTERLOCKING STEEL PLATES CAPABLE OF AN 
INFINITE VARIETY OF FORMATIONS IN CONCRETE 

A amall aaaorted equipment can be uaed with nnnkllled labour 
on Innumemblc Joba and R alwaya ready witbout any prepar- 
atlon. and whan taken on to alte thaac platan can be net up ao 
rapidly that concrete can bo poured la a few bourn from tba 
. Initial atait of opemtiona. 

»MKTAPORMS« Protfuo* m PRrf^etly Smodth 

to tho Oenoroto. whleh nniulros no othor 


TTTTTTrrninATrraTrrr 


WAIXS. BRIDGBa, CULVERTS, SEWAGE Sc WATER TANRS, 
CONCRETE MOUSES, and any other almliar wofh la mono* 

Uthlc conctuto can bo undaflalMi, and wRh the largo igago of 
alaon and comar conaoedona any add length, nagla, etc,, ^can 
bo ohtniaad on walla, plera, b^, etc. 

ARCHITBCTURAL FBATURES ^ASILY MOULDED 
Sfcclsl Fsrstt (or Clreslsr Tssks, Sllsi, Sefcn, Msshsltt, etc. 

e . 

Send for fun partieiilan, A A D^CDfl A. OA OmMS VMlrig II,, * 

pd<»,etc.,lR)B~ Ag Al DiHII W tiUlf UIND0fi,CX4 
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Place the concrete to-day. 

'Strike the Shuttering to-morrow. 

• 

Shutterintr struck a day after the placing of concrete—that has been the experience of 
NTessrs John Laing & Son, Ltd . who simplify work by using “ Ferrocrete "—the rapid- 
hardening Portland Cement 

*' As you know," they wnte, " we are carrying out Housing Schemes in various parts 
of the country in our ‘ Easiform ‘ Construction, and in the whole of the superstructure 
we are using rapid-hardening cement, and in this connection wc hnd that ‘ Ferrocrete' 
is one of the factors making for rapid progress of construction. We hnd that ‘ Ferro¬ 
crete ’ gives all the results claimed for it and the extra cost is well repaid by allowing us 
to strike our shuttering the following day after concrete has been placed ” 

" Ferrocrete ” is not a fancy-priced product—it costs but little more than ordinary 
Portland Cement. Moreover, in spite of the |reat strength developed so quickly, 
it IS slow setting, allowing ample time for mixing and placing the concrete In short 
" Ferrocrete “ is easy to use and saves money by simplifying and speeding up work 
" Ferrocrete" is the practical rapid-hardening Portland Cement for, everyday use 

“FERROCRETE” 

9 

^he rapid’hardening T^ortland Cement 

The cement MARKETING COMPANY LIMITED 

Selluilg Organisalion of 

The Associated Portland Cemeift Manufactiirers Ltd. 

The British Portland Cement Manufacturers Ltd. 

‘ PORTLAND HOUSE. TOTHILL S^EET, WESTMINSTTR, S.W.I 

Ttlt^ltone: ('7cfoRa 9960 (20 &na> Ttk^rmm : Portlmtd, Fofl, Lon^. 
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BLAWFORMS 


PATENT 



Leicester Sewage, 1926: 32 Ciicular Filter Beds 101 ft. dia. with^ 
Centre Chambers 10 ft. dia. and 16 Humus Tanks, 
all being shuttered with Standard Blawforms. 



Houses, Bungalows, Factories, Reservoirs,. 
Conduits, Tunnels, Cooling Towers.. 


USE BLAWFORMS - MIRE OR'SALE 














